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(57) A laser beam emitted from an exposure laser 
beam source has a uniform illuminance distribution after 
passing through a fly-eye lens selected according to the 
aperture stop. The exposure light is projected onto a ret- 
icle on vtfhich a predetermined pattern is formed, and 
the reticle pattern is projected onto a wafer by means of 
a projection optical system having a pupil filter inserted 
therein. A cleaning light beam branching off from the 
exposure light beam is projected through a beam split- 
ter and a total reflection mirror onto the fly-eye lens 
located at a retraction position. A plane-parallel plate at 
the retraction position is irradiated with a cleaning light 
beam. The fly-eye lens and the plane-parallel plate are 
self-cleansed by the cleaning light beam, &o that the 
transmissivity is kept higher than a predetermined value 
during stardk>y. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a projection 
exposure method for exposing a pattern as an original 
print, such as a mask or reticle (hereinafter referred to 
collectively as a "maslO, to a photosensitive sUbstrate. 
such as a wafer, in a photolithography process fa man- 
ufacturing semiconductor elements, such as LSIs, 
image pickup elements. CCDs, liquid crystal display ele- 
ments or thin film magnetic heads, to an projection 
exposure apparatus for use in the projectton exposure 
method, and to methods for manufacturing and optically 
cleaning the exposure apparatus. 

BACKGROUND OF THE INVENTION 

[0002] As a degree of integration of semiconductor 
elements becomes higher, rapid progress has also 
been made of projection exposure apparatuses for use 
in a photolithography process that , is important for the 
manufacture of such semiconductors. The resolving 
power of a projection optical system to be loaded on a 
projection exposure apparatus may be represented, as 
it is well known as Rayleigh's formula, by the relation- 
ship as represented by R = k x X x NA . wherein R is 
the resolving power of a projection optical system, k is 
the wavelength of a light for use in exposure. NA is an 
aperture number of the projection optical system, and k 
is a constant to be determined by the process, in addi- 
tion to the resolving power of a photoresist. 
[0003] In order to realize the resolving power 
required for the projection optical system in correspond- 
ence with a high degree of integration of semiconductor 
elements, efforts have been continued to shorten the 
exposure light source or to enlarge the number of aper- 
tures of the projection optical system, i.e. to make the 
NA higher Recent years, an exposure apparatus using 
krypton fluoride exdmer laser beam (KrF excimer laser 
beam) with an output wavelength of 248 nm as an expo- 
sure light beam source and having the aperture number 
of 0.6 or larger of the projection optical system can be 
commercially available so that the exposui'e to a pattern 
as fine as 0.25 pm can be effected. 
[0004] Further, an argon fluoride excimer laser (ArF 
excimer laser) with an output wavelength of 193 run has 
recently been put to practical use after the krypton fluo- 
ride excimer laser. H an exposure apparatus could be 
realized which uses the argon fluoride excimer laser 
beam as an exposure light beam source, it can be 
expected that the processing as fine as 0.8 ^m to 
0.13fjm can be effected. Great efforts have currently 
been continued to make research to develop such an 
exposure apparatus that can use the such laser beam. 
[0005] The material for use as a lens is currently 
restricted to only two materials, i.e., synthetic quartz 
glass and calcium fluoride (fluorite) glass, from the point 



of view of transmittance or the like in the wavelength 
region of the output wavelength (193 nm) of the argon 
fluoride excimer laser. Therefore, extensive efforts have 
been continuously made to develop optical material for 

5 use with an exposure apparatus of this kind, wNch has 
a sufficient level of transnittance and an inner material 
uniformity. Synthetic quartz glass having an inner trans- 
mittance of 0.995/cm or higher and calcium fluoride 
having a negligible level of inner absorption have cur- 
io rently been developed. 

[0006] Material to be coated on the surface of an 
optical matehal for use in preventing reflection is very 
narrow in a selection scope and undergoes great 
restrictions upon the freedom of design, as compared 

T5 with material in a wavelength region of the output wave- 
length (248 nm) of krypton fluoride excimer laser. How- 
ever, the problems are being overcome by extensive 
. developn^ent efforts, and the loss at each lens plane is 
being realized to a level below 0.005 or less. 

20 [0007] In a wavelength region shorter than the 
wavelength of the KrF excimer laser beam, the prob- 
lems may be caused to arise such that the transmit- 
tance or reflectance of an optical system is caused to be 
reduced (fluctuate) due to the phenomenon that if water 

25 or organic material would be attached to the surfaces of 
optical elements constituting the optical system (illumi- 
nation optical system or projection optical system) in a 
projection exposure apparatus. In other words, the 
problems with a variation or fluctuation in an attenuation 

30 factor of the optical system may be caused to arise due 
to a variation or fluctuation in the transmittance or 
reflectance. The such problems may result from ttie 
attachment of impurities to the sirface of the optical 
system, such impurities including water. hydrocart)ons 

35 or organic substances for example, derived from gases 
present in a space interposed between plural optical 
elements, the inner wall of a lens barrel supporting the 
optical system, or adhesive. 

[0008] Figure 14 shows features of a periodical var- 

40 iation in transmittance of an optical system. The period- 
ical variation is represented by measuring an 
illuminance of an exposure light beam on a portion 
between a laser beam source arxl a mask and an illunrv- 
nance of the exposed light on a wafer at predetermined 

45 time intervals while emitting pulse laser beams continu- 
ously from the laser beam source and calculating a ratio 
of the illuminance of the exposure light beam to the illu- 
minance of the exposed light t>eam at every measured 
time as a variation in transmittance of the optical sys- 

so tem. As it is apparent from Figure 14. the transmittarK:e 
is caused to be reduced to a great extent immediately 
after the start of inadiation with a laser beam and there- 
after the transrrdttance arises gradually to reach an 
almost saturated state as some time elapses. The 

55 reduction in transmittarx^e immediately after the start of 
the inadiatbn with laser beam is caused by a fluctuation 
in the inner features of a glass material, and the trans- 
mittance is gradually recovered thereafter due to the 
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fact that water or organic substances attached to the 
surface of the optical system is or are removed by the 
irradiation with laser t>eam; 

[0009] Therefore, the transmittance a\ the illumina- 
tion optical system or the projection optical system is 
caused to arise gradually during the exposure operation 
of the projection exposure apparatus, that is. upon the 
transfer of an image of a device pattern formed on a 
mask onto a photosensitive suk>strate in a step-and- 
repeat nr»nner or a step-and-scan manner by illuminat- 
ing the mask with an exposure light beam from the illu- 
mination optical system and projecting at least a part of 
the image of the device pattern formed on the mask 
orrto the photosensitive substrate by means of the pro- 
jection optical system. It can be noted herein that the 
rise of the transmitlance represents the effect of tempo- 
rarily cleaning an projection exposure apparatus, and 
the optical system with the surface of the optical ele- 
ment activated by the irradiation with an exposure light 
beam may become rather likely to attract water or 
organic material present in the surrounding once the 
irradiation with the light beam would be suspended. 
With the such phenonienon kept in mind, in the case 
where the irradiation vwth the exposure light beam (the 
exposure operation) is suspended for a long time or for 
a long period of time, it is considered that the transmit- 
tance is n^de nearly saturated as needed by effecting 
the optical cleaning by the irradiation with the exposure 
laser beam for a predetermined period of time prior to 
the start of exposure and thereafter the exposure oper- 
ation has fc>een started. This operation is undesirable, 
however, because K may cause decreasing throughput. 
Further, the oscillation of laser t>eam for a long period of 
time prior to exposure is likewise undesiratile because it 
may result in a decrease in durability of a laser beam 
source, in addition to a reduction in throughput. Moreo- 
ver, it is difficult to continue the irradiation with the expo- 
sure laser beam all the time, including the time tor 
exchanging wafers and masks. 
[001 0] Then, a desaiption will be made of the prob- 
lems that nrtay result from the fluctuation In the transmit- 
tance of the projection exposure apparatus adapted so 
as to be used by shifting an optical element as a part of 
the illumination optical system or the projection optical 
system. 

[0011] As the NA of the projection optical system 
becomes higher, the deptii of focus (DOF) as a margin 
upon the manufacture of a pattem is caused to be 
reduced, the DOS being as represented by tiie formula 
as follows: 

D0F = K2xX/NA^ 
where K2 is tiie resolving power of a photoresist: 

and 

X IS a constant to be determined by the process. 



There is known tiie method tor improving the resolving 
power or the depth of focus by <:hanging illumination 
conditions (i.e.. the shape or size of a secoridary light 
source) tor illuminating a masK such as a nnodif ied illu- 
5 mination. including a zonal lluminatibn, a special 
inclined illumination or the like, or a small o value. 
[0012] This method can be used tor exchanging a 
state of distributing the exposure light beam on a pupil 
plane of tiie projection optfoal system and it also uses a 
10 pupil filter tor changing the stete in which the light devi- 
ates on the pupil plane of the projection optical system 
in a similar technique. The method by which the resolv- 
ing power or the depth of focus is improved can be cho- 
sen in accordance with the shape or line wktth of a 
IS pattern of a device to be exposed. 

[0013] In the cases where a system for changing 
the illumination conditions is adopted, a plurality of 
aperture stops in various shapes for use with a zonal 
illumination, a nfx>dified illumination, or a small a value 
20 are formed on a circular plate called a turret plate, and 
«ther one of the aperture stops is inserted into a light 
path of the illumination optical system by rotating th 
turret plate. An optical part such as a fly-eye lens or an 
input lens for example can be exchanged in accordance 
25 with the selected aperture stop. Further, in the cases 
where an isolated pattern such as a contact hole for 
exanple is transferred on a photosensitive sut^strate. 
the pupil fitter is inserted into the light patii of the projec- 
tion optical system. Therefore, a variety of patterns can 
30 be transferred by means of only one projection expo- 
sure apparatus onto a photosensitive substrate under 
optical exposure conditions such as illuminating condi- 
tions, NA or tiie like suitat>le for each pattern by using an 
optical system optimized for a device pattern, for exam- 
35 pie. by changing the illuminating conditions and insert- 
ing tiie pupil filter into a light path in accordance with 
kinds (e.g., shape, line width, pitch, and so on) of the 
device patterns to be transferred onto the photosensi- 
tive sut>strate. 

40 [0014] Further, in a device on whfch a line-and- 
space pattern and an isolate pattem are combined 
togettier, reviewvs have l^een made to conduct the expo- 
sure by using a mask tor use with the line-and-space 
pattern and a mask for use with the isolate pattern in a 

45 state in which the mask tor use with the line-and-space 
pattern and the mask for use witii the isolate pattern are 
superimposed on a photosensitive sutsstrate under opti- 
mal conditions, because the conditions for optimized 
illumination or tor the NA vary with each pattern. In this 

so case, the features of a resist material on the substrate 
vary as the interval of the time between the exposure of 
ttie line-and-space pattern and tiie exposure of the iso- 
late pattem t)ecomes longer, so tiiat the masks are 
exchanged or the conditions of e)qx>sure are changed in 

55 a sheet unit of a sut>strate or in a lot unit of substrates. 
[001S] In the optk^al system in which a part of the 
optical elements is exchanged in order to change the 
conditions of exposure in accoidance with the such 
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device pattern, the transmittance of the optical system 
to t>e disposed in the light path therefrom can be main- 
tained al a high level by the cleaning effect. A contami- 
nation of a part of the optical elements (optical system) 
which is staying standby at the retraction position, how- 
ever, advances as the time elapses, due to the attach- 
ment of foreign materials such as water or organic 
material to the optical elements. In particular, as the 
conditions for exposure are changed, the optical system 
evacuated from the light path is activated at its surface, 
so that foreign nnaterials become likely to be attached to 
the surface thereof. This may cause a rapid reduction in 
the transmittance. In the cases where the optical sys- 
tem staying in the standby position is used by re-inser- 
tion into the light path, the illuminance (intensity) of the 
exposure light beam on the photosensitive substrate is 
reduced as the transmittance of the optical system is 
reduced. This causes the exposure time at every shot to 
become longer so that the time for processing a sheet of 
the photosensitive substrate becomes longer to a con- 
siderable extent and the throughput is caused to be 
reduced. 

[CXI16] Generally, the projection exposure appara- 
tus can branch off a portion of a light flux leaving from 
the fly-eye lens (a secondary light source) in the illumi- 
nation optical system arxJ lead the branched light flux to 
a light quantity sensor (integrator sensor). The output 
from the light quantity sensor controls the light quantity 
of the laser beam exF>osed on the photosensitive sub- 
strate at every shot. If the transmittance of the optical 
system (including the projection optical system) behind 
a t>eam splitter thereof would vary to a great extent, an 
integrated light quantity of the exposed light reaching to 
the photosensitive substrate cannot be controlled accu- 
rately even H the output from the light quantity sensor 
would be used. For instance, if a pupil fitter staying 
starKiby outside the projection optical system would be 
inserted into the iigfit path, the exposure dose cannot 
be controlled in an accurate manner, tt can thus be con- 
sidered that the optical cleaning be effected by the irra- 
diation with the exposure ligtit beam prior to the 
exposure. The optical cleaning before the epcposure, 
howeva-. may cause the problem that may result in the 
reduction in the throughput for example, in the manner 
as have been described above. In particular, in the 
cases v^ere a so-called duplicate exposure is to be 
effected which can form a one pattern by transferring a 
plurality of patterns each onto a photosensitive sub- 
strate in different exposure conditions, the exposure 
conditions have to be changed frequently for every pat- 
tern. Therefore, if the optical cleaning would be effected 
whenever the exposure condition is dianged, tt may 
cause the problem that the throughput is reduced to an 
extreme extent 

SUMMARY OF THE INVENTION 

[0017] Therefore, the primary object of the present 



invention is to provide a projection exposure method, a 
projection exposure apparatus for use with the projec- 
tion exposure method, arid a method for manufacturing 
the projection exposure apparatus, so adapted as to 
5 hold a transmittance of an optical element staying in a 
retraction position at a predetermined value in order to 
avoid a reduction tif illuminance on a photosensitive 
substrate upon shifting the optical element to an opera- 
tion |x>sitjon. 

10 [001 8] The second object of the present invention is 
to provide a projection exposure method and an appara- 
tus for use with the projection exposure apparatus, 
v^ich can prevent a fluctuation in the transmittance of 
the optical system due to the exchange (shift) of a F>art 

75 of the illumination optical system or the projection opti- 
cal system. 

[001 9] The third object of the present inventbn is to 
provide a projection exposure method and an apparatus 
for use with the projection exposure method, which can 

so always control an integrated ligfrt quantity of the expo- 
sure light beam (exposure dose) on a photosensitive 
substrate, without causing a reduction in throughput 
even if a part of the illumination optical system or the 
projection optical system would be exchanged. 

25 [0020] The fourth object of the present invention is 
to provide a projection exposure method and an appara- 
tus for use wnth the projection exposure method, which 
can always maintain a higher transmittance of the illumi- 
nation optical system or the projection optical system in 

30 which a part of the oprtical element is exchanged as ttie 
exposing conditions for exposing a photosensitive sub- 
strate are changed. 

[0021 ] The fifth object of the present inventbn is to 
provide a projection exposure method, a projection 

35 exposure apparatus, a method of manufacturing the 
projection exposure apparatus, aruj a method of opti- 
cally cleaning a projection optical system, so adapted 
as to control a fluctuation in transmittance or reflectance 
(a fluctuation In an attenuation factor of an optical sys- 

40 tem) by utilizing the selt-deansing effect of the cptical 
system. 

[0022] The exposure method according to the 
present invention can achieve the at>ove objects by irra- 
diating an optical element staying in a retraction position 

45 with a cleaning light beam in the exposure method for 
use with the exposure apparatus for irradiating a mask 
with the exposure light beam through an optical system 
which has a part of optical elements shifted between the 
operation position and the retraction position. 

so [0023] In the exposure method according to the 
present invention, the exposure light beam for illuminat- 
ing the mask may be used for the deaning light beam. 
As the cleaning light beam, there may further be used a 
light beam emitting from a cleaning ligtrt beam source 

55 dispx>sed separately from a light beam source of the 
exposure light beam for Illuminating the mask. The 
exposure method may involve the irradiatbn of an opti- 
cal element shifted at the retraction position with the 
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cleaning light beam during the transfer of an Image of 
the pattern onto the substrate, or the in^adiation of an 
optical elem nt at the retraction position with the clean- 
ing light beam when the substrate is not Irradiated with 
the exposure light beam during the step of transfenring 
the image of the pattern onto the substrate. 
[0024] An alternative exposure method according 
to the present Invemiori can achieve the above-men- 
tioned objects of the exposure method for use with a 
projection exposure apparatus having an illumination 
optical system for illuminating an original print with a 
predetermined pattem formed thereon with the expo- 
sure light beam left from the exposure light beam 
source and a projection optical system for projecting the 
pattern on the original print illuminated by the illumina- 
tion optical system onto a photosensitive substrate, 
wherein an optical element shifted at the retraction posi- 
tion is irradiated with the cleaning light beam during the 
predetermined pattern formed on the original print is 
being projected onto the photosensitive substrate. 
[0025] Another alternative exposure method 
according to the present invention can achieve the 
above-mentioned 'Objects of the exposure method for 
use vinth a projection exposure apparatus having an illu- 
mination optical system for illuminating an original print 
with a predetermined pattern formed thereon with the 
exposure light beam left from the exposure light beam 
source arwj a projection optical system for projecting the 
pattem of the original print illuminated by means of the 
iliuminatiori optical system onto the photosensitive sub- 
strate, v^erein the exposure light beam emitted from 
the exposure light beam source is controlled so as to 
irradiate an optical element shifted to the retraction 
position and not to irrad'ate the photosensitive sibstrate 
when the photosensitive substrate is not irradiated with 
the exposure light beam in the step of the exposure 
process for projecting the pattern onto the photosensi- 
tive substrate, and the exposure light beam emitted 
from the exposure light beam source is controlled so as 
not to irradiate an optical element shifted to the retrac- 
tion when the photosensitive substrate is irradiated with 
the exposure light beam in the step of the exposure 
process for projecting the pattern onto the photosensi- 
tive substrate. 

[0026] The exposure apparatus according to the 
present invention can achieve the above-mentioned 
objects in an exposure apparatus which is arranged 
such that a mask is irradiated with an exposure lighrt 
beam through an optical system with a part of optical 
elements thereof arranged so as to be shifted between 
an operation position and an retraction position and an 
image of a pattern formed on the mask is transferred 
onto a substrate, wherein an cleaning optk:al system for 
irradiating an optical element shifted to its retraction 
position with a cleaning light beam is provided. 
[0027] In the exposure apparatus according to the 
present invention, the exposure light beam for illuminat- 
ing the mask may be used for the cleaning light beam. 



As the cleaning light beam, there may further be used a 
light beam emitting from a cleaning light beam source 
disposed separately from a light beam source of the 
exposure ligtrt beam for illuminating the mask. The 

5 cleaning optical system may be provided with a 
t>ranched optical element for leading the exposure light 
beam as the cleaning light beam, which enters; from the 
light t>eam source for the exposure light beam into the 
mask, or with a branched optical element for leading the 

10 exposure light beam as the cleaning light beam, which 
enters into projection optical system for projecting an 
image of a pattem formed on the mask onto the sub- 
strate. 

[0028] An alternative exposure apparatus aocord- 

15 ing to the present invention can achieve the objects in a 
projection exposure apparatus having an aiimiination 
optical system for illuminating an original print with a 
predetermined pattern formed thereon with an expo- 
sure light beam left from an exposure light beam source 

so arxi a projectk>n optical system for projecting the pattem 
of the original print illuminated l>y means of the illumina- 
tion optical system onto a photosensitive substrate, in 
which an optical element constituting a part of the opti- 
cal system is ananged so as to be shifted between Its 

25 operation position and its retraction position, which 
comprises a clearing optical system for irracfiating an 
optical element shifted to its retraction position with a 
cleaning light beam during the projection of the prede- 
termined pattern onto the photosensitive substrate. 

30 [0029] In the exposure apparatus according to the 
present invention, the cleaning optical system is pro- 
vided with a branched optical element for leading an illu- 
mination light beam as the cleaning light beam, which is 
emitted from the exposure light beam source. The 

35 branched optical element is arranged so as to control 
the exposure light beam in such a way that ttie exposure 
light beam is led to the cleaning optical system when the 
exposure light beam is not irradiated onto the photosen- 
sitive substrate in the exposure for projecting the pattem 

40 onto the photosensitive substrate, and that the expo- 
sure light t>eam is not led to the cleaning optical system 
when the photosensitive sutsstrate is irradiated with the 
exposure light beam. Furtiier. this exposure apparatus 
may be provided with an alternative light beam source 

45 for generating the cleaning light beam, which is dis- 
posed separately from the exposure light beam source 
and emits light beam leading to the cleaning optical sys- 
tem. 

[0030] The manufacturing method for manufactur- 
so ing the e^^sure apparatus according to the present 
invention is directed to a manufacturing method for 
marujfacturing an apparatus for transferring a pattem 
formed on a mask onto a si^strate. whtdh can achieve 
the atx3ve-mentioned objects by the step of locating an 
55 optical system witii a part of optk:al elements arranged 
so as to be shifted between an operation position and a 
retraction position in an illumination optical system for 
illuminating the mask and/or a projection optical system 
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for projecting an image of the pattern on the illuminated 
mask onto the substrate: and the step of optically clean- 
ing the optical element located in the retraction position 
by irradiating the optical element with the cleaning light 
beam. 

[0031] The exposure method according to the 
present invention can achieve the above-mentioned 
objects in an exposure method for projecting an image 
of a pattern formed on a mask onto a substrate, wherein 
an exposure light beam is entered into an optical sys- 
tem located between a light beam source emitting the 
exposure light beam and the substrate by setting an 
aperture number of the optical system to be larger dur- 
ing optical system is not irradiated with the exposure 
light beam than an aperture nurrt>er of the optical sys- 
tem during the exposure and permitting the exposure 
light beam. 

[0032] In the exposure method according to the 
present invention, it is preferred that a light blocking 
member for blocking the entry of the exposure light 
beam into the substrate is inserted into a light path 
located between the optical system and the substrate at 
the time when no exposure is effected and that the light 
blocking member is retracted from the light path during 
the exposure is effected. The light blocking merrt>er 
may conrprise a light shielding plate that can be 
inserted into and retracted from the light path of the 
exposure light beam, the light shielding plate being 
interposed, for example, between the optical system 
and the substrate and disposed in such a way that a 
side thereof facing the optical system constitutes a 
reflecting surface. In tNs case, the reflecting surface of 
the light shielding plate is preferat}ly set so as to make 
the angle of a normal of the reflecting plane variable in 
a predetermined angle range with respect to the optical 
axis of the optical system. Moreover, it is prefened that 
the light shielding plate is disposed so as to permit the 
exposure light beam to enter into the optical system 
while rocking the light shielding plate. In addition, it is 
preferred that a second aperture stop is disposed in the 
optical system, which has an aperture dimension larger 
at the time of no exposure than that of a first aperture 
stop for use during the exposure. 
[0033] An alternative exposure method according 
to the present invention can achieve the above-men- 
tioned objects in an exposure method for projecting an 
exposure light beam onto a substrate through a mask, 
wherein the cleaning light beam is distributed on a pupil 
plane of an optical system in a wider area than the 
exposure light beam in order to reduce a variation or 
fluctuation in the transmittance of the optical system 
through which the exposure light beam passes. 
[0034] In this exposure method, it is preferred that 
the transfer of a pattern formed on the mask onto the 
substrate is carried out separately from the optical 
cleaning. Further, it is preferred that an aperture 
numt>er of the optical system to be determined in 
accordance with the pattern formed on the mask is set 



to be larger at the time of the optical cleaning than the 
aperture number of the optical system at the time of 
franscribing the pattern onto the substrate. (Moreover, it 
is preferred that the exposure light beam is used as ttie 

5 deanir^ light beam and that the entry of the exposure 
light beam into the substrate is blocked at the time of the 
optical cleaning of the optical system. 
[0035] Furthermore, an altemative exposure 
method according to the present invention can achieve 

10 the above-mentioned objects in an exposure method for 
projecting an image of a pattern formed on a maskonto 
a substrate through an optical system, wherein a light 
blocking member for fcriocking the entry of the exposure 
light beam into the substrate is inserted into a light path 

15 located between the optical system and the sut3Strate 
during the substrate is not irradiated with the exposure 
light beam and the light blocking member is retracted 
from the light path during the sutistrate is irradiated with 
the exposure light beam. 

20 [0036] In this altemative exposure method, it is pre- 
ferred that the light blocking member comprises a light 
shielding plate that is so arranged as to be inserted into 
the light path for the exposure light beam or refracted 
therefrom, the light path located between the optical 

25 system and the sulfate, and that has a plane thereof 
facing the optical system side arranged so as to act as 
a reflecting plane. In this case, the reflecting plane of 
the light shielding plate is set such ttiat the angle of a 
normal thereof is made variable in a predetermined 

30 angle range vtrith respect to the optk:al axis of the optical 
system. It is further preferred that the exposure light 
beam is arranged to enter into the optical system wNle 
rocking the light shielding plate. 
[0037] Moreover, an alternative exposure rnethod 

35 according to the present invention can achieve the 
atx>ye-mentioned objects in a projection exposure 
method for use with a projection exposure apparatus 
having an illumir^tion optical system lor illuminating an 
exposure light beam emitted from an exposure light 

40 beam source onto an original print with a predeterrrined 
pattern formed thereon arx^ a projection optical system 
for projecting the pattern of the original print illuminated 
by means of the illumination optical system onto a pho- 
tosensitive substrate, wherein the exposure light beam 

45 is emitted from the exposure light beam source so as to 
enter into the p)hotosensitive sutjstrate when the prede- 
termined pattern formed on the original print is pro- 
jected onto the photosensitive substrate, and so as to 
block the enfry of the exposure light beam into the pho- 

50 tosensitive substrate while allowing the entry of the 
exposure light beam up to the projection optical system 
when no pattern of the original print is projected onto 
the photosensitive subsfrate. 

[0038] In the projection exposure method as 
55 described above, it is preferred that a light blocking 
member for blocking the entry of the exposure light 
beam into the photosensitive subsfrate is disposed in a 
position between the projection optical system and the 
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photosensitive substrate, it is further preferred that the 
light blocking member is controlled so as to allow the 
entry of the exposure light beam into the photosensitive 
substrate when the pattern of the original print is pro- 
jected onto the photosensitive substrate, and so as to £ 
block the entry of the exposure light beam into the pho- 
tosensitive substrate while permitting the entry of the 
exposure light beam up to the projection optical system 
when the pattern of the original print is not projected 
onto the photosensitive sut>strate. 70 
[0039] In addition, an alternative exposure method 
according to the present invention can achieve the 
atxyve-mentioned objects in a projecttori exposure 
method for use with a projection exposure apparatus 
comprising an illumination optical system for illuminat- 75 
ing an exposure light beam left from an exposure light 
beam source onto an original print with a predetermined 
pattern formed thereon, a projection optical system for 
projecting the pattern of the original print illuminated by 
means of the illumination optical system onto a photo- 20 
sensitive substrate, and a variable aperture stop dis- 
posed inside the projection optical system, wherein the 
exposure light besam is enntted from the exposure light 
beam source by opening the variable aperture stop at a 
predetermined aperture number when the pattern of the 2S 
original print is projected onto the photosensitive si^ 
strate. and the exposure light beam is emitted from the 
exposure light beam source by fully closing the variable 
aperture stop when the patterri of the original print is not 
projected onto the photosensitive substrate. so 
[0040] The exposure apparatus according to the 
present invention can achieve the above-mentioned 
objects in a projection exposure apparatus having an 
illumination optical system for illuminating a mask and a 
projection optical system for projecting an image of a 3S 
pattern formed on the mask onto a substrate, wherein a 
blocking device for blocking the entry of an exposure 
light beam onto the sut)strate is provided in a light path 
located between the projection optical system and the 
substrate. <o 
[0041] In the exposure apparatus according to the 
present invention, it is preferred that the projection. opti- 
cal system is provided with a variatrte stop and an aper * 
ture nurrt>er of the variat))e stop is set so as to become 
larger a1 the time when no exposure is effected than at 45 
the time when the exposure is being effected. It is fur- 
ther preferred that the blocking device comprises a light 
shielding plate that can k>e entered into and retracted 
from a light path located between the projection optical 
system and the substrate. Moreover, it is preferred that so 
a side of the light sNelding plate faced to the projection 
optical system can act as a ligfit reflecting surface and 
further that the angle of a normal of the light reflecting 
plane thereof is made variat>)e in a predetermined angle 
range with respect to the optical axis of the optical sys- ss 
tern. In this case, it is furthermore prefen-ed that a drive 
unit is installed which can swing the light shielding plate 
arKf change the angle of the normal of the light reflect- 



ing plane in a predetermined angle range with respect 
to the optical axis of the optical system. In addition, it is 
preferred that the variat^le aperture stop is provided in 
the illumination optical system and the aperture stop is 
controlled so as to become larger when the exposure 
light beam is blocked by means of the light WocWrig 
device than when the exposure light fc>eam is e)qx>sed. 
[0042] Further . an alternative exposure apparatus 
according to the present invention can achieve the 
above-mentioned -objects in a projection exposure 
apparatus having an illumination optical system for illu- 
minating a mask and a projection optical system for pro* 
jecting an image of an pattern formed on the mask onto 
a substrate, wherein a light blocking device for tilocking 
the entry of an exposure light beam into the sut)strate is 
disposed in the inside of the projection optk;ai systerh. 
[0043] This projection exposure apparatus is prefer- 
ably provided with a variable aperture stop in the projec- 
tion optica! system, and the varialDle aperture stop can 
be preferably arranged so as to act as the light blocking 
device by fully closing the variak>le aperture stop. V^/lore- 
over. it is preferred that a variatale aperture stop is dis- 
posed in the illumination optical system and the variable 
aperture stop is controlled so as to become larger when 
the exposure light beam is t>locked by means of the light 
{^locking device than when the exposure is beang 
effected. 

[0044] Another alternative exposure apparatus 
according to the present invention is directed to an 
exposure apparatus for transferring a pattern formed on 
a mask onto a substrate, and this alternative exposure 
apparatus can achieve the objects by installing an opti- 
cal system for projecting an Image of the pattern of the 
mask onto the substrate and a reflecting devk:e having 
a reflecting surface which reflects an exposure light 
beam left from the optical system arvi having a rKDrmal 
of tfie reflecting surface set so as to be variable in a pre- 
determined angle range with respect to the optical axis 
of the optical system. 

[0045] The manufacturing method for manufactur- 
ing an exposure apparatus according to the present 
invention is directed to a manufacturing method for 
manufacturing an apparatus for transferring a pattem 
formed on a mask onto a substrate, and this manufac- 
turing method according to the present inventbn can 
achieve the above-mentioned objects by the step of 
locating a light blocking member for k>locking the entry of 
an exposure light beam in a light path located between 
a projection optical system for projecting the pattern of 
the mask onto the substrate and the substrate, and the 
step of optkally cleaning the projection optical system 
k>y the aid of the entry of the exposure light beam there- 
into in such a state that the entry of the exposure light 
beam into the substrate is bbcked by means of the light 
t^locking memk^er. 

[0046] In this nrianufacturing method, the light block- 
ing ment)er is controlled so as to block the entry of the 
exposure light beam into the substrate while pernvtting 
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the entry of the exposure light beam up to the projection 
opttcat syst^n when the pattern is not projected orrto 
the substrate, and so as to allow the entry of the expo* 
sure light beam into the substrate when the pattern is 
projected onto the substrate. It is further prefen-ed that 5 
the fight blocking member is an^anged so as for a side 
thereof facing the projection optical system to work as a 
light reflecting surface and that the angle between a 
normal of the light reflecting surface thereof and the 
optical axis of prpiection optical system is variable in a w 
predetermined angle range. Moreover; it is preferred 
tfiat a drive unit is installed for swinging the light block- 
ing member so as to make the angle between the nor- 
mal of the light reflecting surface thereof and the optical 
axis of projection optical system variable in the prede- 75 
termined angle range, 

[0047] The optically cleaning method for optically 
cleaning the exposure apparatus according to .the 
present invention is directed to an optically cleaning 
method for optically cleaning an exposure apparatus lor so 
projecting an image of a pattem formed on a mask onto 
a substrate through an optical system, and the optically 
cleaning method accoixding to the present invention can 
achieve the above-mentioned objects such that the 
exposure light beam is entered into the optical system ss 
by setting an aperture number of an aperture stop for 
the optical system to be larger when no exposure is 
conducted than when the exp>osure is in process. 
[0048] In this optically cleaning method, the optical 
system is preferably applicable to an illumination optical 30 
system for illuminating the mask with a light beam 
and/or a projection optical system for projecting an 
image 0I a pattem formed on the mask illuminated by 
means of the illumination optical system onto the sub- 
strate. It is prefen-ed that a light blocking member for 3S 
blocking the entry of the exposure light beam into the 
substrate is inserted into a light path located between 
the optical system and the substrate during the optical 
cleaning. The light blocking member preferably com- 
prises a light shielding plate that can be inserted into 40 
and retracted from the fight path for the exposure light 
beam located between the optical system and the sub- 
strate, and the light shielding plate is preferat)ly dis- 
posed such that a side thereof facing the optical system 
works as a light reflecting surface. It is further prefen-ed 45 
that the angle of a normal of the light reflecting plane 
thereof is variable in a predetermined angle range with 
respect to the optical axis of the optical system. 
[0049] An alternative optically cleaning method 
according to the present invention can achieve the so 
above-mentioned objects in an optically cleaning 
method for optically cleaning an exposure apparatus for 
projecting an image of a pattem formed on a mask onto 
a substrate through an optrcal system with an aperture 
stop installed therein, wherein a cleaning light beam is ss 
entered into the projection optical system while fully 
closing the aperture stop. 

[0050] Further, another alternative optically clean- 



ing method according to the present invention can 
achieve the above-mentioned objects in an optically 
cleaning method 1or optically cleaning an exposure 
apparatus for transfen^ing an image of a pattern formed 
on a mask onto a substrate through a projection optical 
system, wherein a reflecting menrriDer having a light 
reflecting surface for reflecting an exposure light t>eam 
toward the projection optical system side is inserted into 
a light path interposed between the projection optical 
system and the substrate and the inside of projection 
optical system is illuminated with the exposure light 
beam while varying the angle of the normal line of the 
ligfit reflecting plane in a predetermined angle range 
with respect to the optical axis of projection optical sys- 
tem. 

BRIEF DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS 

[0051] 

Figure 1 is a schematic illustration showing an out- 
Bne configuration of an emtxxiiment of a projection 
exposure apparatus according to the present inven- 
tion. 

Figure 2 is a view showing variable aperture stops 
formed on a turret plate as shown in Figure 1 . 
Figure 3 is a schematic illustration showing an out- 
line configuration of anotiier emtxxdiment of a pro- 
jection exposure app>aratus according to the 
p)resent invention. 

Figure 4 is a scheniatic Illustration showing an out- 
line conf iguration of an essential portion according 
to another embodiment of a projection exposure 
apparatus according to the present invention. 
Figure 5 is a schematic illustration showing an out- 
line configuration of another embodiment of a pro- 
jection exposure apparatus according to the 
present invention. 

Figure 6 Is a view showing variable aperture stops 
formed on a turret plate as ^own in Figure 5. 
Figure 7 is a view showing the status of the variable 
aperture stop disposed in an illumination optical 
system at a pupil position of a projection optical 
system of the projection exposure apparatus as 
shown in Figure 5. 

Figure 8 is a time chart showing an exposure proc- 
ess. 

Figure 9 is a view descrying a light path inside the 

projection optical system of Figure 5. 

Figure 1 0 is a view describing a ligtit path in a state 

in which a light shielding plate of Figure 5 is 

inclined. 

Figure 11 is a perspective view showing a light 
shielding plate. 

Rgure 12 is a perspective view showing an exam- 
ple of a light reflecting device composed of a light 
reflecting mirror and the like. 
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Figure 13 is a perspective view showing another 
example of a light reflecting device composed of a 
light reflecting nrvrror and the like. 
Figure 14 is a graph describing a variation in the 
transmittance with an elapse of the exposure time. 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION 

[0052] A description will be made of the embodi- 
ments of the present irivention with reference to the 
accompanying drawings. Figure 1 shows an outline 
configuration of a projection exposure apparatus 
according to the present invention. As shown in Figure 
1 . a laser beam emitted as a nearly parallel light flux 
from an ArF exdmer laser beam source 1 for oscillating 
a pulse light beam with an output wavelength of 1 93 run 
for example enters into a variable light extinction unit 3 
through a beam matching unit 2 consisting of a beam 
shaping optical system for shaping the laser beam into 
a laser beam having a predetermined sectional form, a 
beam expander and the like. The variable light extirK- 
tion unit 3 can adjust the light extinction ratio of a pulse 
laser beam in a stepwise or non-stepwise manner in 
accordance with an instruction from an exposure light 
quantity controt unit 4 for controlling the exposure light 
quantity of an exposure light beam. The light beam left 
from the variable light extinction unit 3 enters into a 
beam splitter 9A. and the light beam passed through the 
beam splitter 9A is entered directiy into a first illumina- 
tion optical unit 5 wtiile the light beam reflected thereby 
is reflected by means of a total reflection mirror 9B and 
then enters into the first illumination optical unit 5. The 
illumination optical system is installed in a chamber 31 , 
while a laser beam source 1 is disposed outside the 
chamber 31 which in turn is provided with a light trans- 
mitting window (not shown) that permits laser beam 
from the laser beam source 1 to pass therethrough. 
[0053] Figure 1 shows a system with two of optical 
integrator lenses in a light path, and the first illumination 
optical unit 5 is provided with a first fly-eye lens system 
consisting of two fly-eye lenses 6a and 6b. The fly-eye 
lenses 6a and 6b are located on a circular plate 56 dis- 
posed to be rotated by means of a motor 5A. Either of 
the fly -eye lenses that is suitable for an aperture stop 
(the selected first fly-eye lens will hereinafter be indi- 
cated as reference numeral *'6**), as will be described in 
more detail, is inserted into a light path for the transmit- 
ted light beam transmitted through the beam splitter 9A 
(the light path being called ''an exposure light path*" and 
the position of an optical element shifted to this ligtit 
path will hereinafter be indicated as ^'an operation posi- 
tion^ in response to the instruction from a first fly- ye 
lens control unit 8. A stopper 10 conrposed of a light 
at>sorption member is disposed on the light leaving side 
of the fly-eye lens 6b inserted into the light path for the 
light beam reflected at the beam splitter 9A and the total 
reflection mirror 9B (tine tight path referred to herein 



being hereinafter called "a standby light path", and the 
position of the optical element shifted to this ligtit path 
being called "a retraction position*). This configuration 
prevents the light beam passed through the first fly-eye 

5 lens 6b from being undesirably reflected to become a 
stray light. These first fly-eye lenses 6a and 6b com- 
prises each a txjndle of a targe number of lens ele- 
ments, and a large number of images of light t>eam 
sources (secondary light beam sources) corresponding 

10 to the number of the lens elements constituting the first 
fly-eye lenses 6a and 6b are formed on the light-leaving 
plane side of the lens elements. 
[0054] The first fly-eye lens 6b inserted into the 
standby light path is irradiated with an illumination light 

75 beam even during the exposure, so that the lens is so- 
called self-cleansed and the transmittance of the lens ts 
held at a predetermined value or higher even during 
standby. Therefore, as the first fly-eye lens 6b is 
inserted into the exposure light path, the transmittance 

20 of the first fly-eye lens 6b is sut>stantially equal to the 
transmittance of the first fly-eye lens 6a being so far 
used, so that the first fly-eye lens 6b can be used imme- 
diately for the exposure processing. 
[0055] In the cases where three or more of fly-eye 

25 lenses suitat^le for aperture stops are required, two or 
more cleaning optical systems are required, wtiich lead 
an illumination light beam to two or more of standby fly- 
eye lenses as a cleaning light beam. In this case, all fly- 
eye lenses located in the standby light path may be irra- 

30 dieted with the illumination light beam. In the cases, 
however, v/here the procedures of the e)qposure 
processing has t>een established, it may be arranged 
such that only the fly-eye lens located in the starxlby 
light path and staying standby for the next order of use 

35 is irradiated with the cleaning light beam. In this case, 
the light quantity of the light beam to be led to ttie 
standby light path is as small as that can provide a pre- 
determined cleaning effect in a given period of time, and 
the beam splitter 9A can be arranged so as to make the 

40 transmittance of the fly-eye lens higher and the reflect- 
ance thereof lower, thereby preventing a reduction in 
the ligtit quantity of tine exposure light beam. 
[0056] The light k^m left from the first fllumination 
optical unit 5 then enters into a second fly-eye lens 12 

45 constituting a second illumination optical unit 1 1 . On the 
light-leaving plane side of the second fly-eye lens 12 are 
formed a large number of images of light beam sources 
(secondary light beam sources) corresponding to a 
large number of lens elements constituting the second 

so fly-eye lens likewise in the case of the first fly-eye lens. 
An aperture stop is inserted in the vicinity of the light- 
leaving plane side of the second fly-eye lens, which is 
selected in a manner as will te described hereinafter. 
[0057] In this embodiment, the first and second fly- 

55 eye lenses 6 and 12 are provided. It can be noted, how- 
ever, that only the first fly-eye lens 6 can be provided in 
a manner as will be descrbed hereinafter. Moreover, a 
rod-shaped optical memt>er of the type reflecting at the 
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inner surlace can also be used as an optical integrator, 
in place of the fly-eye lens. 

[0058] A turret plate 1 3 is provided with a plurality of 
aperture stops which differ from each other in at least 
either of shape or size and disposed at the position at s 
which a large nurhber of the secondary light beam 
sources are formed by means of the second fly-eye lens 
12. The turret plate 13 is rotated by means of a motor 
1 3A to select one of the plural aperture stops in accord- 
ance with the kind of the pattern of a reticle R and to io 
insert the selected aperture stop into the light path of 
the illumination optical system. The motor ISA is con- 
trolled through an aperture stop control unit 14 on the 
basis of an instruction from a main control unit 7. The 
turr t plate 13 and the motor 13A constitute a variable 75 
aperture stop device for use with the illumination optical 
syst m. 

[0059] As shown in Figure 2, the turret plate 13 is 
provided with, for example, eight aperture stops 13a to 
13h, inclusive. The turret plate 13 may be composed of so 
a transparent substrate made of quartz for example. Out 
of the eight aperture stops, five aperture stops 13a and 
13e to 13h having each a circular opening are arranged 
so as to positively vary a a value, and three aperture 
stops I3e. I3f and 13g out of the five are each for use 2S 
at the time of the actual exposure operation while the 
remaining two aperture stops 13a and I3h are each for 
use at the time of the optically cleaning operation. 
[0060] It should be noted herein, however, that the 
two aperture stops 13a and 13h are not specifically 30 
required to be provided in the tunet plate 1 3. and it is 
sufficient that only the rest of the aperture stops, i.e.. the 
six aperture stops 13b to 13g, inclusive, is provided 
therein. It is further to be noted herein that, when the 
operation of the projection exposure apparatus is sus- 3S 
pended for a long period of time, there is the occasion 
that the optically cleaning operation is carried out by the 
Irradiation with the exposure light beam at the time of re- 
starting the projection exposure apparatus. In such 
cases. It is preferred that the aperture stop 1 3a or I3h is 40 
inserted into the Illumination optical system and the 
optically cleaning operation is then canied out. This 
operation can permit the irradiation of each optical ele- 
ment of the illumination optical system and the projec- 
tion optical system over the entire surface thereof with 4S 
the exposure light beam and enhance the cleaning 
effects of the optical element 

[0061] On the other hand, the three aperture stops 
13b to 13d. inclusive, each having a modified aperture, 
are each for use at the time of the exposure operation in so 
order to improve the resolving power and the focal 
depth of a projection optical system PL The aperture 
stops 13c and 13d are stops each having a zonal aper- 
ture with a different zonal ratio (i.e.. a different ratio of 
the inner diameter to the out r diameter), while the 55 
remaining aperture stop 13b is for use with the object to 
form plural images of light beam sources (secondary 
light beam sources) in each of four eccentric regions. 



[0062] The turret 1 3 having the eight aperture stops 
13a to 13h is rotated by means of the motor 13A, as 
shown in Figure 1 . and the one that has a desired aper- 
ture shape is selected out of the eight aperture stops 
and set at the position of the secondary fight beam 
source. 

[0063] Further, the optimal first fly-eye lens 6 is 
selected from the first fly-eye lenses 6a and 6b so as to 
comply with the aperture stop selected in accordance 
with the exposure conditions. At this end. the light beam 
left from the first fly-eye lens 6 is so arranged as to illu- 
minate only a given lens element of the second fly-eye 
lens 12 to which the aperture stop is substantially 
applied and not to irradiate the element thereof that is 
shielded by the aperture stop. This configuration can 
effectively use all the exposure light beam and causes 
no loss of any light quantity of the exposure light beam. 
[0064] It is further rvoted that eight of the first fly-eye 
lenses are not ready so as to comply with each of the 
eight aperture stops 13a to 13h provided on the turret 
plate 1 3 and that no respective first fly-eye lenses are 
specially required to be ready which correspond to the 
aperture stops 1 3a and 1 3h for example. Moreover, it is 
noted that six of the first fly-eye lenses are rxrt likewise 
required to be ready for the remaining six aperture 
stops 13b to 13g, inclusive, and a one first fly-eye lens 
is enough to be prepared which is common with at least 
two of the aperture stops. In these cases, too. the loss 
of the light quantity of the exposure light beam can be 
prevented to a sufficient extent 

[0065] The light flux from a number of the secorKi- 
ary light beam sources formed by means of the second 
fly-eye lens 12 is branched off into two Hgtit paths by 
means of a t>eam splitter 15 after the passage through 
the variat>le aperture stop, and the light beam reflected 
is led to an irrtegrator sensor (a photoelectrical con- 
verter) 16 and the illuminance of the illumination light 
beam is detected. The signal corresponding to the illu- 
minance detected is then inputted into the exposure 
light quantity control unit 4. The beam splitter 15 is set 
such that its transmittance is high while its reflectance is 
low. On the other hand, the light beam transmitted 
through the beam splitter 15 is condensed by a third illu- 
mination optical unit 17 and illuminates an illumination 
vision field stop unit (a reticle blind system) 18 in a 
superimposed manner. The illumination vision field stop 
unit 18 is disposed in a position at which the light-enter- 
ing plane of the first fly-eye lens 6 of the first illumination 
optical unit 5 is conjugated with the light-entering plane 
of the second fly-eye lens 12 of the second illumination 
optical unit 11. The illumination region on the illumina- 
tion vision field stop unit 18 may be of a shape generally 
resembTing the shape in section of each lens element of 
the second fly-eye lens 12. The size of the vision field 
stop of the illumination visbn field stop unit 18 is 
adjusted by means of a drive mechanism, although not 
shown, on the basis of an instruction from the main con- 
trol unit 7 so as to set Its aperture conresponding to a 
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shot region of an object to be exposed. This setting can 
prevent the illumination light beam from irradiating any 
region other than the original shot region on a wafer W 
sought to l^e exposed. 

[0066] The iilurrnnation light beam passed through 
the illumination vision field stop unit 18 passes through 
a fourth illumination optical unit 19 and then is reflected 
at a reflection mirror 20. and the light beam reflected is 
condensed by means of a fifth illumination optical unit 
21 constituting a condenser optical system composed 
of refractive optical elements including plural lenses and 
the like. The light beam condensed can illuminate a cir- 
cuit pattern formed on the reticle R at a substantially 
uniform distribution of illuminance. In this configuration, 
a reticle blind in the illumination vision field stop unit 16 
is disposed in the position nearly conjugated with the 
pattern plane of the reticle R in respect of the fourth an6 
fifth illumination optical units 19 and 21. and the illumi- 
nation region on the reticle R is defined by the biirxl 
opening. 

[0067] VSTith the configuration as described above, 
an image of the circuit pattern on the reticle R is formed 
on the wafer W by means of the projection optical sys- 
tem PL. arwd a photoresist coated on the wafer W is 
sensed to the exposure light beam to transfer the image 
of the circuit pattern onto the wafer W. 
[0068] The reticle R is held on and fixed to a reticle 
stage RS through a reticle holder. The reticle stage RS 
is disposed on a base (not shown) so as to move in a 
two-dimensional way along the plane intersecting at a 
right angle with the paper plane of Figure 1. The reticle 
stage RS is provided with a mirror that reflects the laser 
beam from a laser interferometer and the reflected laser 
beam enters into the laser interferometer, thereby ena- 
trfing the laser interferometer to measure the position of 
the reticle stage RS. In Figure 1 , the interferometer and 
the mirror are not shown. The information on the posi- 
tion of the reticle stage RS is then inputted to the main 
control unit 7 that in tum controls the position of the ret- 
icle R by driving a motor for driving the reticle stage. The 
reticle stage RS is further provided with a reticle Illumi- 
nance sensor 34. arKi the illuminance of the illumination 
laser beam irradiated onto the reticle R is measured. 
The illuminance measured is then inputted to the main 
control unit 7. In Figure 1 , reference symbol R2 denotes 
a reticle to be exchanged. In this embodiment, the reti- 
cle R may constitute a reticle for a line-and-space pal- 
tern, and the reticle R2 may constitute a reticle for an 
isolate pattern. 

[0069] On the other hand, the wafer W is held on 
and fixed to a wafer stage WS through a wafer holder. 
The wafer stage WS is disposed so as to move in a two- 
dimensional way along the plane intersecting at a right 
angle with the paper plane of Figure 1 . The wafer stage 
WS is provided with a mirror that reflects the laser beam 
from a laser interferometer 22 and the reflected laser 
beam enters into the laser interferometer :22, thereby 
enabling the laser interferometer 22 to measure the 



position of the wafer stage WS. The information on the 
position of the wafer stage WS is then inputted to the 
n^in control unit 7 that in turn controls the position of 
the wafer W by driving a wafer stage drive system 23 for 

5 driving the wafer stage. On the wafer €tage WS is dis- 
posed a wafer illuminance sensor 35 that detects the 
illuminance of the exposure light beam to be irradiated 
onto the wafer W. The signal detected by the wafer illu- 
minance sensor 35 inputted to the main control unit 7. 

10 The transmittance of the projection optical system PL is 
calculated by dividing the output value of the reticle illu- 
minance sensor 34 with the output value of the wafer 
illuminance sensor 35. 

[0070] The projection optical system PL in this 

75 embodiment comprises optical elements <X)mposed of 
all refractive lenses and so on. The projection optical 
system PL is provided with a variable aperture stop Ep 
at the position of a pupil (a light-entering pupil) of th 
projection optical system PL The variable aperture stop 

20 Ep is composed of a mechanism that can vary the aper- 
ture number of the projection optical system, and an 
ap>erture stop control unit 25 is composed of a mecha- 
nism that can vary the size on the basis of an instruction 
from the main control unit 7. In this instarxje. the varia- 

25 ble aperture stop Ep disposed in the projection optical 
system PL is disposed at the position generally opticaDy 
conjugated with one of the aperture stops 13a to 13h 
disposed in the illumination optical system. 
[0071] A pupil filter 26 is disposed in the vicinity of 

30 the variat>le aperture stop Ep. The pupil filter 26 is used 
to vary optical characteristics (for example, amplitude 
transmittance. phase, eccentric state, etc.) between the 
light flux passing through a first region on the pupil of 
the projection optical system PL and the iigtitflux pass- 

35 ing through a second region on the pupil thereof which 
is different from the first region. The pupil filter 26 is dis- 
posed so as to enter into or be evacuated from the 
exposure light path of the projection optical system PL 
by means of a pupil filter control unit 27 on the basis of 

40 an instruction from the main control unit 7 in accordarx;e 
with the shape of a pattern to be exposed or the like. 
The information on whether the pupil filter 26 is shifted 
to the operation position in which it is inserted into the 
light path of the projection optical system PL or to the 

45 retraction position in which it is evacuated therefrom is 
transmitted to the main control unit 7 from the pupil fitter 
control unit 27. 

[0072] The pupil filter 26 may be composed of. for 
exanrple, a light shielding memk^er which may shield the 

so exposure light beam in the projection optical system PL 
in an axially symmetrical form <e.g., round, zonal, etc.). 
or a light transmitting member which may distribute the 
exposure light beam in a form so as to assume the 
dqath in its radial direction or in a form in combination 

55 therewith. Figure 1 shows a pupil filter which is com- 
posed of a transmitting number having its cenfral por- 
tion an'anged so as to be thicker than its peripheral 
portion. When the pupil filter 26 is t:onrposed of such a 
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light transmitting member, a plane-parallel plate (its 
optical thickness being nearly equal to that of the pupil 
filter 26) is inserted into the exposure light path by 
means of the pupil filter control unit 27 in order to ac^ust 
the focus position, simultaneously when the pupil filter 
26 is evacuated from the exposure light path. 
[0073] In this enrtxxiiment of the present invention, 
the pupil f Hter 26 or the plane-parallel plate 28 is self- 
cleansed by the irradiation of the exposure light beam 
onto the pupil filter 26 or the plane-paratle! plate 28, 
which is retracted from the exposure light path and 
shifted to the retraction position. At this end. a beam 
splitter 29A and a total reflection mirror 29B are dis- 
posed at the position upstream of the fifth illumination 
optical unit 21 arxJ forms a cleaning light path optical 
system that is branched off from the exposure light path. 
The exposure light beam reflected at the total reflection 
mirror 29B. as the cleaning light bearn, is adjusted for its 
beam shape in section by means of an optical system 
29C for adjusting an irradiatiori area, arxi the resulting 
exposure light beam is then irradiated onto the pupil fil- 
ter 26 or the plane-parallel plate 28. which is standby at 
the retraction positlori, arvj cleanses the pupil filter or 
the plane-parallel plate. The cleaning light beam passed 
through the pupil filter 26 or the plane-parallel plate 28 
is absort>ed by a stopper 30 made of a light afcDSorption 
material in order to prevent an occurrence of a stray 
light 

[0074] For the projection exposure apparatus in this 
emtxxjiment, the illumination optical system is disposed 
in an inert gas atmosphere which is filled with an inert 
gas. such as nitrogen gas, etc., so as to control the oxy* 
gen content at an extremely low level; in order to pre- 
vent the exposure light beam from being absorbed by 
oxygen. At this end, the projection exposure apparatus 
is provided with an inert gas supply device for supplying 
an inert gas to a chamber 31 for the illumination optical 
system through a pipe 32A and an inert gas discharge 
device tor discharging a contarrtinated inert gas from 
the chamt>er 31 through a pipe 326. An inert gas such 
as nitrogen gas, etc. is supplied to a plurality of spaces 
formed among the plurality of the optical members con- 
stituting the projection optical system PL. and a cornarrh 
inated inert gas is discharged from the plurality of the 
spaces. The inert gas supply device supplies such a dry 
inert gas, e.g., nitrogen gas. to the inside of the projec- 
tion optical system PL through a pipe 33A. and the inert 
gas discharge device discharges the contaminated fluid 
present in the projection optical system PL toward out- 
side through a pipe 336. Such an inert gas may include 
gases such as helium, argon and so on, although not 
limiting to nitrogen gas. 

[0075] When the chamber 31 and a lens barrel of 
the projection optical system PL are very airtight, it is 
not required that the replenishment of the inside with 
nitrogen for exanrple is effected so often once after the 
air present in the inside has been fully replenished with 
nitrogen, tt is recommendable, however, that nitrogen 



gas for example is always being flown through the 
chamber or the lens barrel of the projection optical sys- 
tem, and impurities present in the chamber and the lers 
barrel of the projection optical system are beirtg 

5 removed by means of a chemical fitter or an electro- 
static filter in order to prevent a fluctuation in the trans- 
mittance. because impurities such as water or 
hydrocarbon molecules derived from various materials 
such as glass material, coating material, adhesive. 

70 paint, metal, ceramics and so on may be attached to the 
surfaces of the optical elements and the attachment of 
such impurities may cause a fluctuation in the transmit- 
tance. 

[0076] Now, a description will be made of the oper- 
16 ation of the projection exposure apparatus in this 
embodiment. First, as shown in Figure 1 . a dry inert gas 
such as nitrogen gas for example is supplied to the 
chamber 31 and the inside of the lens barrel of the pro- 
jection optical system PL from the inert gas supply 
20 device through the pipes 32A and 33A until the air 
present therein has been replenished fully with the inert 
gas, and the fluid present inside the chanri>er 31 and the 
lens barrel of the projection optical system PL is then 
discharged by means of the inert gas discharge device 
25 toward outside through the pipes 326 and 336. respec- 
tively. 

[0077] It is to be noted herein that, altiiough it is pre- 
ferred that the atmosphere inside the chamber 31 and 
the spaces formed among the optical elements in the 

30 lens barrel of the projection optical system PL is always 
dried and cleaned by operating the inert gas supply 
device and the inert gas discharge device all the time 
even during exposure, as described at>ove, the opera- 
tion of the inert gas supply device and the inert gas dis- 
. 35 charge device may be suspended once after the fluid 
present in the inside of the chamber 31 and the spaces 
among the optical elements, such as a lens of the tens 
barrel of the projection optical system PL. has been 
thoroughly cleaned by replenishment witii the inert gas 

40 prior to the exposure operation. 

[0078] Then, the reticle R on which a pattern is 
drawn as an object of transfer is transported to the reti- 
cle stage RS by means of a reticle loading mechanism, 
although not shown, and then loaded on the reticle 

45 , stage RS. At this instance, in order to allow the reticle R 
. to be loaded at a predetermined position, the position of 
the reticle R is measured by a reticle afignment system. 
aHhough not shovm, and is set to the predeternrnned 
position by means of a reticle position control circuit. 

so although not shown, on the basxs of the result of this 
measurement. 

[0079] The wafer W onto which the pattern of the 
reticle R is to be transferred is in advance coated with a 
photoresist as a photosensitive material, and the wafer 
55 W in this state is transported to the wafer stage WS by 
means of a wafer loading nnechanism. aKhough not 
shown, and then loaded on the wafer stage WS. The 
wafer W is then aligned on the wafer stage WS. and 
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held and fixed thereon. 

[CXISO] Before starting the exposure operation, the 
illuminance sensor 35 disposed on the wafer stage WS 
is transfened on the optical axis of the projection optical 
system PL to sample a measured value LI of the inte- 
grator sensor IS and a measured value LW of the illumi- 
nance sensor 35. On the other hand, a target 
illuminance TL on the wafer is set in accordance writh a 
sensitivity characteristic of the photoresist material or 
the like. The integrator sensor 16 outputs signal LI 
detected in accordance with the illuminarice of the 
exposure light beam uniformed by the first and second 
fly-eye lenses 6 and 12, respectively The illuminance 
sensor 35 outputs signal LW detected in accordance 
with the illuminance of the exposure light beam on the 
wafer stage WS. Then, a ratio of the signal LW detected 
by the illuminance sensor 35 to the signal LI detected by 
the integrator sensor 16 (an output LW of the sensor 35 
output LI of the sensor 16 ratio) is calculated, and the 
LW/LI ratio is multiplied with a predetermined coefficient 
K1 to give a gain a. During the exposure operation, the 
output signal of the integrator sensor 16 is then multi- 
plied with the gain 'a to output an estimated actual illumi- 
nance LPR. In other words, the estimated actual 
illuminance LPR is to estimate the illuminance on the 
wafer by multiplying the gain a with the output signal of 
the integrator sensor 16 during the exposure, the gain a 
being obtained by multiplying the 50/100 ratio vwth the 
coefficient K1 . when at the time of the start of the expo- 
sure, the measured value of the integrator sensor 16 is 
set to be 100 and the illuminance on the wafer is set to 
be 50. The output from the laser beam source 1 is then 
adjusted so as to make the estimated actual illuminance 
LPR amount to a target illuminance value TL by permit- 
ting the exposure light quantity control unit 4 to vary volt- 
age (charging voltage) to k>e applied to the laser beam 
source 1 on the basis of an instruction from the main 
control unit 7. In this case, the exposure light quantity 
control unit 4 may be arranged so as to adjust a trans- 
mittance (an extinction ratio) of the light extinction 
device 3 or to control both of the laser beam source 1 
and the light extinction device 3. This adjustment can 
prevent a reduction in Illuminance due to deterioration in 
the laser beam source. 

[0081] No pattern is present on the wafer W loaded 
on the wafer stage WS at the first transfer of a pattern, 
and the water W is loaded on the wafer stage WS at a 
predetermined positk>n, for example, at a position 
defined by the outer diameter standard of the wafer W. 
and the (pattern is then transferred onto the wafer W. 
This transfer may be effected in a so-called scan type (a 
step-and-scan type), v^fhich comprises selectively illumi- 
nating a part of the pattern on the reticle R through a 
variable vision field stop (reticle blind) 18. transferring 
the reticle R by the reticle stage RS relatively to the illu- 
mination region defined by the variat)le vision field stop 
18, and transfening the water W in synchronism with the 
reticle R by means of the wafer stage WS relatively to a 



projection region conjugated with the illumination region 
with respect to the projection optical system PL by 
means of the wafer stage WS. The transfer may also be 
effected in a step-and-repeat type which comprises 

5 simultaneously illuminating the entire area of a pattern 
region on the reticle R and transcribing the pattern. 
[0082] In the case of the transfer of the pattern on 
the wafer W at the second time or thereafter, at least the 
pattern is located on the wafer W. Therefore, the posi- 

10 tion of the pattern on the wafer W is measured by meas- 
uring a mark provided in advance together with the 
transfen^ed pattern by means of a wafer alignment sys- 
tem, although not shown. The positions of the reticle 
stage RS and the vrafer stage WS are controlled on the . 

75 basis of the measured position so as to assume a pre- 
determined relationship of the pattern being trans- 
fent)ed with the pattern transferred previously on the 
wafer W. 

[0083] During the period of time during wNch the 

20 pattern is being projected onto the wafer W, the illumi- 
nation laser beam emitted from the laser beam source 1 
is f irst branched off by the beam splitter 9A and then led 
to the cleaning optical system where the fly-eye lens 6b 
staying in the standby position is irradiated by means of 

25 the total reflection mirror 9B. This irracfiation pemruts fly- 
eye lens 6b to be self-cleansed and to hold its transrrrit- 
tance at a predetermined value. The cleaning light 
beam passed through the fly-eye lens 6b is absorbed tyy 
the stopper 10 so that the deaning light beam is pre- 

30 vented from becoming a stray light 

[0084] The first fly-eye lens 6 is also shifted in asso- 
ciation with the change of the variable aperture stop 13 
in accordance with the exposure conditions in the man- 
ner as described above. When the first fly-eye lens 6 is 

35 Shitted, the actual exposure processirg is started if it is 
determined as a result of conrparison of the output 
value of the integrator sensor 16 v«th a reference value 
that the output value of the integrator sensor 16 
exceeds the reference value. On the other hand, when 

40 it is determined that the output value of the integrator 
sensor 16 is equal to or less than the reference value, it 
is required that (1 ) the output of the laser beam source 
1 is made higher; <2) the pulse nunrter is changed (in 
the case of a projection exposure apparatus of a so- 

45 called scan type, the scanning velocity is changed); or 
(3) the laser beam is exposed in a non-load state in 
order to optically clean the optical element prior to the 
actual exposure. In the cases <2) arvl (3) above, the 
throughput is caused to be reduced. In this embodi- 
50 ment, however, the first fly-eye lens 6b staying in the 
standby posrtion holds its transmittance at a predeter- 
mined value or higher by optically deaning. so that 
transmittance exceeds the reference value when those 
optical elements are inserted after having beeri shifted 
55 to the operation position of the exposure light path. This 
operation can permit the exposure processing to be 
implemented immediately after the exchange of the first 
fly-eye lens and then prevent a reduction of the through- 
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pat 

[00: S] When the output value of the integrator sen- 
se. *6 is equal to or less than the reference value, the 
wafer stage WS is transferred so as to cause the illunnh 
nation region of the projection optical system PL (i.e., 5 
the region conjugated with the illumination region on the 
reticle R) to be not located on the wafer W and then the 
cleaning laser beam is irradiated from the laser beam 
source 1 . This can improve the transmittance of the first 
fly-eye lens 6 inserted into the exposure light path at the io 
operation position thereof. If the output value of the inte- 
grator sensor 16 woidd exceed the reference value, the 
oscillation of the laser beam for cleaning is suspended. 
[0086] Moreover, if the output value of the integrator 
sensor 16 is equal to or less than the reference value. 75 
lor instance, the scanning velocity of the wafer W or the 
reticle R during the scanning exposure may be 
changed, in placie of making the intensity of the expo- 
sure light beam on the wafer W higher by making the 
output (the emission intensity) of the laser beam source 20 
1 or the light extinction device 3 higher. However, in 
order to control the integrated light quantity on the wafer 
W so as to amount t6 an optimal value by changing the 
scanning velocity thereof when the outpujt value of the 
integrator sensor 16 is equal to or less than the refer- 25 
ence value, rt is required that the scanning velocity has 
to be slowed down yet the number of the exposure light 
beam (pulse light beam) to be irradiated at each point 
on the wafer W has to be increased. Therefore, the 
problem may be caused to occur such that the tme 3o 
required for the scanning exposure tiy one shot 
becomes longer and the throughput is caused to be. 
reduced likewise in the case of exposing the laser beam 
in a non-load state. It is thus found effective that the out- 
put (emission intensity) of the laser beam source 1 is 3S 
adjusted when the output value of the integrator sensor 
16 is equal to or less than the reference value 
[0087] 'The process tor increasing the nunt>er of the 
exposure light beam to be irradiated at each point on 
the wafer W during the scanning exposure is not limited 40 
to the change of the scanning velocity as described 
above. In place of changing the scanning velocity of the 
wafer W or the reticle R during the scanning exposure, 
the number of the exposure light beams may be 
increased, for example, by the process involved in mak- 45 
ing the oscillating frequency of the laser beam source 1 
higher or in broadening the width of the exposure light 
beam in its scanning direction on the wafer W by chang- 
ing the aperture width of the retide blind 18. Therefore, 
when the output value of the integrator sensor 16 is so 
equal to or less than the reference value, the integrated 
light quantity at each point on the wafer W may be con- 
trolled so as to amount lo an optimal value (determined 
in accordance with a sensitivity of the photoresist) by 
adjusting at least one of the emission intensity of the ss 
laser beam source 1, transmittance (light extinction 
ratio) of the light extinction device 3. the oscillating fre- 
quency of the laser beam source 1 , and the width of the 



exposure light beam on the wafer W (i.e., the aperture 
width of the reticle biirxj 18) so as to cause no decreas- 
ing the scanning velocity. In this instance, it is desired 
that at least one of the emission intensity of the laser 
beam source 1 . the oscillating frequency of the laser 
beam source 1 . transmittance (light extirxirtion ratio) of 
the light extinction device 3, and the width of the expo- 
sure light beam on the wafer W is adjusted in accord- 
ance with the sensitivity of the photoresist so as to 
sustain the scanning velocity of the wafer at the maxi- 
mal velocity of the wafer stage WS (as defined by the 
structure, transferring precision or the like). It is 
expected in this case that the time required for the scan- 
ning exposure per shot can be shortened most and the 
throughput can be improved. 

[0088] The cleaning light beam which is branched 
off by the beam splitter 29A and then entered into the 
cleaning optical system then enters into the optical sys- 
tem 29C for adjusting an irradiation surface through the 
total reflection mirror 29B, and the beam shape in sec- 
tion of the cleaning light beam is then defined, followed 
by irradiation of the plane-parallel plate 28 or the pupil 
filter 26 staying in the standby position in the standby 
light path. This irradiation allows the plane-parallel plate 
28 or the pupil filler 26 and other optical elements to t>e 
self-cleansed, thereby sustaining the transmittance 
thereof at a predetermined value. The cleaning light 
beam passed through the plane-parallel plate 28 or the 
pupil filter 26 can be absorbed by a stopper 30 so that 
the cleaning light beam is prevented from becoming a 
stray light. 

[0089] When the plane-parallel plate 28 and the 
pupil filter 26 are shifted, the wafer illuminance sensor 
35 on the wafer stage WS is transferred on the optical 
axis of the projection optical system PL. and the illumi- 
nance on the wafer stage WS is measured and the 
actual exposure Is then started when it is found that the 
illuminance measured exceeds the reference value. In 
this mode of the emlxxiiment. the trarismittance of the 
pupil filter 26 or the plane-parallel plate 28 staying in the 
stan(ft>y position is held at the predetermined value or 
higher by optically cleaning them, so that there Is no risk 
that the illuminance on ttie wafer stage WS becomes 
equal to or less than the reference value when the 
plane-parallel plate 28 or the pupil filter 26 is shifted. 
Therefore, in this mode of the embodiment, the expo- 
sure processing can be executed immediately after 
these optical elements are shifted to their operation 
position of the exposure light path and inserted therein, 
and the reduction in throughput can be prevented. 
[0090] K the output value of the wafer illuminance 
sensor 35 is equal to or less than the reference value, 
the wafer stage WS is trar^erred so as for the iUumina- 
tion region of the projection optical system PL not to be 
located over the wafer W. and the laser beam for clean- 
ing is irracfiated from the laser beam source 1 . The irra- 
diation with the cleaning light beam in this state can 
inprove the transmittance of the pupil fitter 26 or the 
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plane-parallel plate 28 inserted in the op ration position 
of the exposure light path. On the other hand, when the 
output value of the wafer illuminance sensor 35 exceeds 
the reference value, the oscillation of the laser beam for 
cleaning is suspended. 

[0091] If the illuminance on the wafer stage WS 
would be equal to or less than the reference value when 
the pupil filter 26 or the plane-parallel plate 28 is shifted, 
it is preferred that the intensity of the exposure light 
beam is made higher or the pulse number at a predeter- 
mined point on the wafer W is increased, so as to cause 
no decrease in throughput, likewise in the case where 
the illuminance on the reticle stage RS is equal to or 
less than the reference value. 

[0092] The projection exposure apparatus of this 
type cannot measure the illuminance on the wafer stage 
WS at a real time during the exposure. In this case, the 
exposure light quantity (the number of pulses irradiated) 
is controlled by determining an integrated irradiation 
quantity of the illumination laser beam detected by the 
integrator sensor 1 6 on the upstream side of the reticle 
(on the laser beam source side) and estimating the 
exposure light quantity on the surface of the wafer W 
from the integrated irradiation quantity. In this case, 
even if the illuminance on the wafer W would be 
decreased upon a decrease in the transmittance of the 
optical element downstream of the reticle R (on the 
wafer side), this information is not fed-back to the output 
of an exposure lifi^ quantity control system, such as the 
laser beam source 1. so that the exposure light quantity 
is running short. It is thus essential that the transmit- 
tance of the pupil filter 26 and the plane-parallel plate 28 
is managed in the manner as described above. 
[0093] It is apparent from the foregoing that the 
cleaning of the optical elements staying in the stanctoy 
position with the cleaning light beam in the above-marv 
ner can improve throughput at the time of a duplicate 
exposure. Ttiis will be described more in a specific way. 
As in the exposure processing which uses two kinds of 
retries for example, as in the cases where a iine-and- 
space pattern and an isolate pattern are present in com- 
bination, the exposure is conducted under conditions 
optimal each for the two Kinds of the reticles, so tfiat the 
f ly^e lens 6 to be inserted into the illumination optical 
system is shifted in accordance with the variable aper- 
ture stop 13 or the pupil filter 26 of the projection optical 
system PL or the plane-parallel plate 28 is shifted. In 
this case, when stress is placed upon deterioration in 
characteristics of the photoresist material, it is preferred 
that the first exposure v/ith a first reticle is effected to a 
sheet of wafer and the second exposure with a second 
reticle is effected thereto continuously after the first 
exposure. 

[0094] Upon the duplicate exposure, first, various 
exposure conditions for the first reticle R are set, and 
the pattern is subjected to projection exposure on a 
sheet of the wafer W in a step-and-repeat manner or a 
step-and-scan manner. Thereafter, the oscillation of the 



laser beam source 1 is suspended and a second reticle 
R2 is set on the reticle stage RS by means of a reticle 
loader, although not shown, and aligned white changing 
various exposure conditions. 
5 [0095] After the setting of all the exposure condi- 
tions has been finished, the wafer illuminance sensor 35 
on the wafer stage WS is transferred on the optical axis 
of the projection optical system PL and the oscillation of 
the laser beam source 1 is resumed. When the illumi- 
10 nance on the wafer is found equal to or greater than a 
predetermined value, the optcal element inserted in the 
light path newly at this time is cleaned to a suffk»ent 
extent while staying standby and there is no problem 
with a decrease in the transmittance. so tfiat the wafer 
IS W is then transfenred on the optical axis of the projection 
optical system PL and the actual exposure is effected.. 
On the other hand, if it is found that the niuminar>oe on 
the wafer W is lower than the reference value, the clean- 
ing upon the optical element in the standby p>osition is 
20 not effected to a suff k^ient extent so that the wafer stage 
WS is irradiated with the exposure light beam from the 
laser beam source 1 through the projection optical sys- 
tem PL in a non-load state to irradiate the optical ele- 
ment inserted new»/ly into the exposure light path with the 
^ exposure light beam arxf self-deanse it After starting 
the actual exposure, a ratio of the value detected by the 
integrator sensor 16 to the value detected by the reticle 
illuminance sensor 34 is calculated, and the exposure 
light quantity is controlled on the t>asis of the ratio calcu- 
30 lated. In other words, at least one of four characteristics, 
i.e., the emission intensity of the laser beam source 1 , 
oscillating frequency of the laser t>eam source 1. the 
transmittance of the light extinction devk^e 3. and the 
aperture width of the reticle blind 1 8 is adjusted so as to 
35 cause no decrease in tfie scanning velodty of the wafer 
W. and the exposure light quantity of the wafer W ts con- 
trolled so as to amount to an optimal value at every shot. 
On the other hand, if the scanning velocity is not 
decreased, the scanning e)q30sure may be imple- 
40 mented by adjusting at least one of the above character- 
istics without effecting the self-cleansing. In this case, 
however, the transmittance is caused to rise gradually 
as the exposure operation advances, so that the expo- 
sure light quantity may be controlled, for instance, on 
4S the basis of the above ratio corrected sequentially by 
the periodical variation characteristic of the transmit- 
tance measured in advance. 

[0096] Once the laser beam source 1 has been sus- 
pended, K takes a long tine to resume the steady oscil- 

50 tation. In order to avoid this, it is preferred that a shutt r 
is disposed fc^etween the laser beam source 1 and the 
chamber 31 and the laser beam is blocked by the shut- 
ter so as not to allow the passage of the laser beam. 
[0097] The foregoing description is directed to the 

55 cases where the cleaning light path is branched off from 
the exposure light path and tfie optical element shifted 
to the retraction position is always inradiated with the 
cleaning light beam even during the exposure. When 
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the exposure light quantity is running short on account 
of the branching of the light beam, it is also possible to 
lead the exposure light beam to the cleaning light path 
only at each shot exposure to be effected on the wafer 
W. In this case, it is possiNe that each of the beam split- 5 
ters 9A and 29A comprises a total reflection mirror and 
that the total reflection mirror is evacuated from the light 
path during the shot exposure, while the total reflection 
minror is inserted into the light path between the shot 
exposures. Moreover. In the case where the first fly-eye 
lens 6b staying standby is cleansed simultaneously with 
the pupil fitter 26 or the plane-parallel plate 28. only the 
beam sp>litter 29A may comprise the total reflection mir- 
ror. In an alternative case, in place of the beam splitters 
9A and 29A optical element may be used so as to allow 
the light beam entered to be transmitted fully during the 
shot exposure and to be reflected fully between the shot 
exposures. 

[0098] Further, the foregoing description is directed 
to the case where the laser beam emitted from the 
exposing laser beam source 1 is branched off into the 
cleaning light beam which in turn is sent to the cleaning 
optical system. In the case where the exposure light 
quantity is running short, however, it is preferred to use 
a cleaning light beam source. Figure 3 shows a mode of 
the embodiment of a projection exposure apparatus for 
use in this mode of the embodiment according to the 
present invention. As shown In Figure 3, a portion of the 
light beam emitted from a cleaning light beam source 51 
passes through a haK mirror 52 and is reflected by a 
total reflection mirror 53 to irradiate the first fly-eye lens 
6b. The cleaning Hght beam reflected by the half mirror 
52 is further reflected by a total reflection mirror 54 and 
passes through the optical system 29C for adjusting an 
irradiation area of the planei3arallel plate 28 or the pupil 
filter 26 shifted to its retraction position with the reflected 
light beam. 

[0099] It is to be noted herein that the cleaning light 
beam source 51 may be the same as the exposure light 
beam source 1. If the optically cleaning effect can be 
expected, other light sources such as a low pressure 
mercury lamp and the like may also be used. 
[0100] Figure 1 irxJicates the projection exposure 
apparatus that is provided with the illumination optical 
system having a so-called double fly-eye lens system. It 
is also possible that it is provided with an illumination 
optical system having a so-called single fly-eye lens 
system. Figure 4 shows an example of such a projection 
exposure apparatus. For the projection exposure appa- 
ratus in this exanple. a majority of the exposure light 
beam from the laser beam source 1 is allowed to pass 
through a beam splitter 39A while a portion of the expo- 
sure light beam is reflected. An irput lens unit 36 is pro- 
vided at the rear stage of the beam splitter 39A input 
lens unK 36 has input lenses 36a and 36b disposed on 
a circular plate 36c that in turn is rotated by means of a 
motor 36d to shift eith r one of the input lens 36a and 
the input lens 36b to the operation position in the light 



path vk^ile shifting the other to the retraction position. 
Thejnput lens 36b shifted to the retraction position is 
irradiated with the cleaning light beam during the expo- 
sure and the transmittanoe is held at a predetermined 
value or higher by the aid of the seH-cleansing action. At 
the rear stage of the input lens 36b shifted to the retrac- 
tion position is provided a stopper 41 that is made of a 
light absorption material, theret>y absorbing the clean- 
ing light beam to prevent the cleaning light beam from 
becoming a stray light. 

[0101] A majority of the illumination laser beam 
passed through the input lens 36a is reflected by means 
of a beam splitter 40 and a portion of the illumination 
laser beam is allowed to pass therethrough. At the rear 
stage of a beam splitter 40A is disposed a fly-eye lens 
unit 37 that in turn has a large-aperture fly-eye lens 37a 
for forming a larger secondary light source (planar light 
source) arxJ a small-aperture fly-eye lens 37b for form- 
ing a smaller secondary light source (planar light 
source) on a circular plate 37c. The circular plate 37c in 
turn is rotated by means of the motor 37d to shift either 
one of the fly-eye lens 37a and the fly-eye lens 37b to 
the operation position in the light path while shifting the 
other to the retraction position. The fly-eye lens 37b 
shifted to the retraction position is irradiated with the 
cleaning ligtit beam during the exposure and the trans- 
mittance is held at a predetermined value or higher by 
the aid of the self-cleansing action. 
[01 02] At the rear stage of the fly-eye lens unit 37. a 
planar light source as the secondary light source is 
formed in the vicinity of the light-leaving plane of the fly- 
eye lens 37a. Further, the turret plate 13 for a variat)le 
aperture stop device is disposed in the vicinity of the 
planar ligN source in sufc)Stantially the same manner as 
descrbed with reference to Figure 1. Which ttie fly-eye 
lens 37a or the input lens 36a corresponding to the fly- 
eye lens 37a is used is selected in accordance with the 
aperture stop 1 3 to be selected. For instance, if an aper- 
ture stop for use as a small a stop is selected, the input 
lens unit can t>e shifted to a combination of the input 
lens 36b wnth the fly-eye lens 37b, which in turn can reg- 
ulate the size of the aperture to an approximate area of 
the aperture of the aperture stop. On the other hand, for 
a zonal illumination or a special inclined illumination, the 
input lens unit can be shifted to an input lens having a 
zonal output characteristic. 

[0103] Upon shifting the fly-eye lens 37, it is 
required to shift an illumination optical system 38 for illu- 
minating an illumination vision field stop unit, too, and 
the illumination optical system 38 is disposed at the rear 
stage of the turret plate 13. The illumination optical sys- 
tem 38 corresponds to the third illumination optical unit 
1 7 as shown in Figure 1 and comprises lenses 38a and 
38b each having a different optical performance dis- 
posed on a circular plate 38c that is disposed to fc>e 
rotated by means of a motor. 38d so as to shift either one 
of the lenses 38a and 38b to the operation position in 
the light path while shifting the other to the retraction 
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position. The lens 38b shifted to the retraction position 
is irradiated with the cleaning light beam during the 
exposure and the transmittance thereof is held at a pre- 
determined value or higher by the aid of the self-dearis- 
ing action. At the rear stage of the lens 38b shifted to the 
retraction position is provided a stopper 42 that is made 
of a light at^sorptton material, thereby permitting the 
cleaning light beam to be absorbed thereby and pre- 
venting the cleaning light beam from becoming a stray 
light. 

[0104] The projection exposure-apparatus of Figure 
1 has the light extinction device 3 in the illumination opti- 
cal system. In the case where the light extinction device 
3 is composed of a turret plate, for instance, on which a 
plurality of ND filters each having a different the trans- 
mittance (extinction ratio) are disposed at equally angu- 
lar intervals, one of the plural ND filters is selected in 
accordance with the number of pulses of the light t>eam 
irradiated at each point on the wafer W and the rest of 
the ND filters is stayed in the standby position outside 
the light path. For the light extinction device 3 having the 
configuration as described above, the transmittance of 
each ND filter staying in the standby position is caused 
to be reduced, so that it is preferred that each ND filter 
spying in the standby p>osition is also irradiated with the 
exposure light beam in the same manner as in the 
ak>ove exanples. 

[0105] In ^e case where the optical element as a 
part of the illumination optical system or the projection 
optical system is configured so as to be shifted between 
the cperation position and the retraction position in the 
manner as described above, the optical element located 
in the retraction position can be irradiated with the 
cleaning light beam to seH-cleanse the optical system. 
The self-cleansing of the optical system shifted to the 
retraction position during the exposure serves as hold- 
ing its transmittance at a predetermined value or higher, 
so that there is no fluctuation in the transmittance 
between before and after the shitting of the optical sys- 
tem. Therefore, as the optical element is shifted to the 
operation position, the exposure processing can be 
started immediately thereafter without causing any 
decrease in throughput. Moreover, an integrated light 
quantity of the exposure light beam (exposure dose) on 
the photosensitive substrate can be always controlled 
accurately without causing any decrease in throughput 
Further, even if the cleaning of the optical element stay- 
ing in the standby position would not be effected to a 
sufficient extent, the transmittance is kept higher to 
some extent in this case, the time required for the expo- 
sure can be shortened greatly even if the irradiation with 
the exposure light beam in a non-load state would be 
required to be conducted prior to the exposure. There- 
fore, this embodiment can contribute greatly to inprove- 
ments in throughput, as compared in the case where no 
optical cleaning is effected upon the optical element 
located at the retraction position. 
[0106] K/loreover. the exposure apparatus in this 



emtDodiment of the preserrt invent induces no risk of the 
exposure light quantity running short, even H a cleaning 
light source would be provided separately from the 
exposure light beam source or if the substrate would be 

£ optically cleansed when the exposure light beam is not 
irradiated during the exposure process in progress. In 
particular, when no cleaning light source is separately 
disposed in addition to the exposure light beam source, 
costs for manufacturing the projection exposure appara- 

70 tus can be reduced to a great extent. 

[0107] Then, a description will be made of another 
embodiments of the present invention with reference to 
Figures 5 to 13. Figure 5 shows an outline construction 
of the projection exposure apparatus aocording to 

75 another embodiment of the present invention. The 
apparatus as shown in Figure 5 is characterized by a 
light shielding device for opening and closing a light 
path located between the projection optical system PL 
and the wafer stage WS, which in turn is disposed in the 

20 light path. Further, the projection exposure apparatus of 
Figure 5 has substantially the same overall construction 
as the projection exposure apparatus of Figure 1, 
although the projection exposure apparatus in this 
embodiment is not constructed such that a part of opti- 
cs cal elements of the illumination optical system or the 
projection optical system is shifted between the opera- 
tion position and the retraction position as in the case of 
the projection exposure apparatus as shown in Figure 1 . 
[0108] In Figure 5. reference numeral 101 denotes 

30 an ArF excimer laser beam source as for the apparatus 
of Figure 1. The laser beam source 101 leads laser 
t>eams to a light transmitting window 103 on the main 
body side of the projection exposure apparatus by 
opening a shutter 102. The main body of the projection 

3S exposure apparatus is accommodated in a chamber 
100 in wNch the temperature is controlled at a constant 
degree. The laser t>eam passed through the window 
103 is subjected to beam shaping and converted into a 
laser beam having a predetermined shape in section by 

40 means of a beam shaping optical system 104, and the 
laser beam is then reflected by a reflection mirror 105 
and then led to a fly-eye lens 106 acting as an optical 
integrator. The fly-eye lens 106 has the same configura- 
tion as the fly-eye lenses 6a and 6b as shown in Figure 

45 1. 

[0109] In this ent>odiment. the projection exposure 
apparatus is provided with one fly-eye lens 106. Another 
fiy.eye lens may be provided as a secorKi optical inte- 
grator between the fly-eye lens 106 and the ArF excimer 
60 laser beam source 101 a the reflection mirror 5. Fur- 
ther, in place of the fly-eye lens, there may t>e used a 
rod-shaped optical mentjer of an inner. reflection type 
as an optk:al integrator. 

[0110] A tun^et plate 107 may be disposed at the 
SB position at which a large nunrter of secondary light 
sources are to be formed by means of the fly-eye lens 
106. the turret plate 107 being configured such that a 
plurality of aperture stops each having a predeterniined 
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shape or a predetermined size are formed in substan- 
tially the same manner as in the case of the device as 
shown in Figure 1. The tunet plate 107 is rotated by 
driving a motor 108 and inserted into a light path of the 
illumination optical system after selection of one suita- 
ble aperture stop. The turret plate 107 and the motor 
108 constitute a variable aperture stop device lor use 
with the Illumination optical system. 
[0111] The light flux from the large number of the 
secondary light sources formed by means of the fly-eye 
lens 106 passes through the variable aperture stop and 
is then branched off by a beam splitter 109 into two light 
paths. The light beam reflected is led to an integrator 
sensor 110 and the illuminance of the illumination laser 
beam is detected. The signal is inputted to a control cir- 
cuit 140 in accordance with the illuminance detected. 
On the other hand, the light beam passed through the 
beam splitter passes through a relay lens 1 1 1 . a vision 
field stop 1 12 and a relay lens 113 and then reflected by 
a reflection mirror 114, The laser beam reflected is then 
condensed by a condenser optical system 115 com- 
posed of a plurality of refractive optical elements such 
as lenses and so on, and a circuit pattern PA formed on 
the reticle R is then illuminated in a superinrposed arxl 
uniform manner. The projection optical system PL forms 
an image of the drcurt pattern of the reticle R on the 
wafer W. and the image of the circuit pattern is trans- 
ferred on the wafer W on which a photoresist is coated 
in advance. 

[0112] The projection optical system PL in this 
embodiment may be composed of all the optical ele- 
ments such as refractive lenses and so on in substan- 
tially the same manner as in the case of the projection 
optical system PL for the apparatus as shown in Figure 
1 . and an aperture stop £p is disposed at the position of 
a pupil (a light-entering pupil) of the projection optical 
system PL. The aperture stop Ep may be composed of 
a mechanism that can change its size in a manner as in 
changing the aperture number of the projection optical 
system PL In this case, the aperture stop Ep in the pro- 
jection optical system is disposed at the position opti- 
cally conjugated with the variable aperture stops 107a 
to 107 (see Figure 6) in the illumination optical system. 
[0113] The reticle R is held by and fixed on the reti- 
cle stage RS by means of a reticle holder 1 1 7 in sub- 
stantially the same manner as in the case of the 
projection exposure apparatus as shown in Figure 1 . 
The reticle stage RS is disposed on a base 122 so as to 
move in a two-dimensional way along the plane inter- 
secting at a right angle with the paper plane of Figure 5. 
The reticle holder 1 1 7 is provided writh a mirror 1 21 that 
reflects the laser beam from a laser interferometer 120 
and then enters into the laser interferometer 120 that in 
turn measures the position of the reticle stage RS. The 
information on the position of the reticle stage RS is 
then inputted to a control circuit 140. and the control dr- 
curt 140 controls the position of the reticle R by driving a 
motor 1 19 for driving the reticle stage on the basis of the 



information on the position of the reticle stage RS. 
[0114] On the other hand, the wafer W is held by 
and fixed on the wafer stage WS by means of a wafer 
holder 126 iikevt/ise in the case of the projection expo- 

5 sure apparatus as shown in Figure 1 . The wafer stage 
WS is disposed so as to move in a two-dimensional 
direction along the plane intersecting at a right angle 
with the paper plans of Figure 5. The wafer stage WS is 
provided vnHh a mirror 131 that reflects the laser beam 

10 from a laser interferometer 130 arKi enters it intc the 
laser interferometer 1 30. The position of the wafer stage 
WS is then measured by means of the laser interferom- 
eter 130, and the information on the position of the 
wafer stage WS is then inputted to the control circuit 

75 140 that in turn controls the position of the wafer W by 
driving a motor 129 for driving the wafer stage on the 
basis of the information on the position of the wafer 
stage WS. An illuminance sensor 128 is disposed on 
the wafer stage WS to detect the illuminance of the 

20 exposure light beam to be irradiated on the wafer W, 
and the signal detected by the Illuminance sensor 128 is 
inputted to the control circuit 140. 
[01 15] In this embodiment according to the present 
invention, a light shielding piate 150 for opening and 

25 closing an exposure light path is disposed in the expo- 
sure light path between the light-leaving surface of the 
projection optical system PL and the top surface of the 
wafer stage WS. The light shielding plate 150 is trans- 
ferred by means of a transferring device 151 in a hori- 

30 zontal direction along the top surface of the wafer stage 
WS. The transferring device 151 may be of any type, for 
example, of a type using a cylinder or of a type using a 
screw rod and a motor. As a clearance between the pro- 
jection optical system PL and the wafer stage WS is so 

35 small, it is required to provide a rail or other means for 
guiding the light shielding plate 150 horizontally so as 
not to come into contact with the wafer W upon transfer- 
ring the ligfTt shielding plate 150. 
[01 1 6] For the projection exposure apparatus in this 

40 embodiment according to the present invention, an illu- 
mination optical system 132 is composed of optical ele- 
merrts 104-107, 109, and 1 1 1-1 15. as described above, 
and they are accommodated together with the motor 
1 08 and the sensor 1 1 0 in a housing member, although 

45 not shown. The housing member is filled with an inert 
gas such as nitrogen gas or configured so as for such 
an inert gas to flow through the inade. In other words, 
the illumination optical system 132 is disposed in an 
inert gas atmosphere such as a nitrogen gas atmos- 

50 phere. At this end. the housing member for the illumina- 
tion optical system 132 is provided with an inert gas 
supply device for supplying an inert gas to the housing 
member and an inert gas discharge device for discharg- 
ing a contaminated inert gas from the inside of the 

55 housing member, although the devices are not shown. 
As the device as shown in Figure 1 . the device of Figure 
5 is configured such that a plurality of spaces formed 
among the plural optical m mbers constituting the pro- 



18 



35 



EP1 011 128 A1 



36 



jection optical system PL is supplied with an inert gas 
such as nitrogen gas and the contaminated inert gas is 
discharged from the such plural spaces. At this end, 
there are disposed an inert gas supply device 141 tor 
supplying an inert gas to the spaces and an inert gas 
discharge device 142 for discharging the contaminated 
inert gas therefrom. The inert gas supply device 141 
supplies the inside of the projection optical system PL 
with an inert gas including, e.g.. nitrogen gas. through a 
pipe 143. On the other hand, the inert gas discharge 
device 142 discharges the contaminated inert fluid 
present in the inside of the protection optical system PL 
toward the outside of the housing member through a 
pipe 144. As such an inert gas, there may be used a 
fluid such as helium and argon, although not limittng to 
nitrogen. 

[01 1 7] The exposure apparatus may be disposed in 
a dean room, arxi a light t>eam source 101 may be dis- 
posed under the floor of the clean room in many cases. 
An optical system for transmitting laser beams may be 
disposed between the main body of the apparatus and 
the laser beam source. The inert gas supply device 141 
and the inert gas discharge device 142 may be dis- 
posed under the floor of the clean room. This disposition 
of these members can serve as reducing the disposition 
area per exposure apF>aratus in the clean room. In this 
case, it is not required to perform the maintenance of 
the inert gas supply device 141 and the inert gas dis- 
charge device 142 as well as the laser beam source 
101 . and the degree of cleanness can be sustained at a 
high level. It is further preferred that the inert gas supply 
device and the inert gas discharge device for the illumi- 
nation optical system 132 are also disposed under the 
floor of the clean room in the like manner. Moreover, it is 
preferred that, for example, a temp>erature controller or 
an air conditioner for controlling the temperature within 
the chamber for accommodating the main body of the 
exposure apparatus are disposed under the floor of the 
clean room. 

[0118] Now. a description will be made of the varia- 
ble aperture stop device for changing the aperture 
nuntber of the illumination optical system 132 for the 
projection exposure apparatus. As shown in Figure 5. a 
a value as a coherence factor can be defined by the fol- 
lowirig equation: 

a » NAi/NAo 

where NAi {= sin Oi) is the aperture number of 
the illumination optical system 1 32 to be determined by 
the light beam Ri parallel to the optical axis AX from the 
outermost edge (outermost diameter) of the maximal 
stop disposed in the turret plate 107; and 
NAo (- sin Oo) is the aperture number of the projection 
optical system PL on the side of the illumination optical 
system 132 to be determined by the light beam Ro oaf- 
allel to the optical axis AX from the outermost edge (out- 
ermost diameter) of the aperture stop ^ of the 



projection optical system PL 

[01 19] It is to be noted that the aperture stop €p dis- 
posed at the position of the pupil (the light -entering 
pupil) of the projection optical system PL is optically 

5 conjugated with the variable aperture stop on the turret 
plate 107 of the illumination optical system 132 and that 
an image of the variable aperture stop <an image of a 
secondary light source) is formed on the pupil of the 
projection optical system PL Therefore, the a value as 

10 the maximal coherence factor can be defined by the 
equation as follows: 

o« D7/D23 

75 where D7 is the diameter of the image of the var- 

iable aperture stop; arKi 

D23 is the" rmximal diameter of the aperture stop 
Bp of the projection optical system PL 

20 

[0120] Gienerally speaking, the a value of the pro- 
jection exposure apparatus for use in the photolithogra- 
phy process is configured so as to t>e set in the range of 
0.3 to 0.8. In this embodiment, the turret plate 107 as 

25 shown in Figure 5 is provided with plural aperture stops 
107a to 107h. inclusive (see Figure 6), as in the case of 
the turret plate 13 as shown in Figure 1. The suitable 
aperture stop is selected in accordance with usage in a 
manner as will be described hereinafter. 

30 [0121] The turret plate 107 may be conrposed of a 
transparent substrate made of quartz for example as in 
the case of the turret plate 13 of Figure 2. The tunret 
plate 107 may be provided with eight aperture stop 
107a to I07h. inclusive. Out of the eight ^3erture stops, 

35 five aperture stops I07a and 107e to I07h having each 
a circular aperture are arranged so as to positively vary 
the a value, and the three aperture stops 107e. 107f 
arxj 1 07g out of the five aperture stops are each for use 
at the time of the actual exposure operation while the 

40 remaining two aperture stops 107a and I07h are each 
for use at the time of the optically cleaning operation. 
[0122] On the other hand, the three aperture stops 
107b to 107d. inclusive, each having a modified aper- 
ture, are each for use at the time of the exposure oper- 

45 ation in order to improve the resolving power of the 
projection optical system PL The aperture stops I07c 
arxS I07d are stops each having a zonal aperture with a 
different zonal ratio, while the remaining aperture stop 
107b is the stop having four eccentric apertures for 

so forming four eccentric secondary light sources. 

[0123] The turret plate 107 having the eight aper- 
ture stops 1 07a to 107h is rotated by nrteans of a motor 
108 as shown in Figure 5, and the one aperture stop 
that has a desired ap>erture shape is selected out of the 

55 eight aperture stops, and it is set at the position of the 
secondary light beam source. The driving of the motor 
1 08 is controlled by the control circuit 140. 
[0124] Figure 7 shows the manner in which the 
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images of the aperture stops 107a and 107e to 107h. 
each having a circular aperture with a different aperture 
size, are formed on the aperture stop Ep disposed 
within the projection optical system PL. A detailed 
description will be made of each of the aperture stops in 5 
manners (1 ) to (5) below. 

(1) When the aperture stop 107e having the small- 
est circular aperture is set in the illumination light 
path, the aperture number NAi of the aperture stop 10 
I07e becomes the smallest. At this time, an image 

of the aperture stop I07e having an aperture diam- 
eter D7e is formed in the inside of the aperture stop 
Ep having an aperture diameter D23a. and the 0 
value is set to be 0.4. In other words, there can be is 
estat>lished the relationships as follows: 

o ^ D7e/D23a NAi/NAo « 0.4. 

Therefore, when the aperture stop 1 07e is set in the 20 
iliuminatton light path, the pattern of the reticle R 
can be transferred on the wafer W at the a value of 
0.4. 

(2) When the aperture stop 1 07f having a circular 
aperture larger than that of the aperture stop 107e 25 
is set in the illumination light path, the aperture 
number NAi of the illumination optical system 132 
beoomes larger than when the aperture stop I07e 

is set in the Illumination light path. At this time, an 
image of the aperture stop 107f having an aperture so 
diarneter D7f is formed inside the aperture stop Ep 
having the aperture diameter D23a. and the a value 
is set to be 0.6. In other words, there can be estate 
lished the relationships as follows: 

35 

o s D7f/D23a « NAi/NAo « 0.6. 

Therefore, when the aperture stop lOTf is set in the 
illumination light path, the pattern of the reticle H 
can be transferred on the wafer W at the a value of 40 
0.6. 

(3) When the aperture stop 107g having a circular 
aperture larger than the aperture stop 1 07f is set in 
the illumination light path, the aperture number NAi 

of the illumination optical system 132 becomes 45 
larger than when the aperture stop 1 07f is set in the 
illumination light path. At this time, an image of the 
aperture stop 107g having an aperture diameter 
D7g is formed inside the aperture stop Ep having 
the aperture diameter D23a, arxl the <r value is set so 
to be 0.8. In other words, there can be established 
the relationships as follows: 

0 B D7g/D23a ^ NAi/NAo ^ 0.8. 

55 

. Therefore, when the aperture stop 107g is set in the 
illumination light F>ath. the pattern of the reticle R 
can be transfened on the wafer W at the a value of 



0.8. 

^4} When the aperture stop 107h having a circular 
aperture larger than that of the aperture stop I07g 
is set in the illumination light path, the aperture 
number NAi of the illumination optical system 132 
becomes larger than when the aperture stop I07g 
is set in the illumination light path. At this time, there 
is formed an image of the aperture stop 107h hav- 
ing an aperture diameter D7h as large as the aper- 
ture stop Ep having the aperture diameter D23a. 
and the a value is set to be 1.0. In other words, 
there can be established the relationships as fol- 
lows: 

a = D7h/D23a = NAi/NAo = 1.0. 

Therefore, when the aperture stop 1 07h is set in the 
illumination light path, the illumination light flux is 
led adequately to the effective diameter of the opti- 
cal element constituting the condenser optical sys- 
tem 1 15 of the illumination optical system 132. and 
to the efiective diameter of the optical elements 
constituting the projection optical system PL, and 
further to a portion that exceeds the effective diam- 
eters of these optical elements. Thus, impurities 
such as water moisture, organic materials, etc. 
attached to the surfaces of the optical elements can 
be removed by the optically cleaning effects 
achieved by the exposing illumination light flux. The 
optically cleaning effects will be described more 
hereinafter. 

(5) When the aperture stop 107a having a circular 
aperture larger than that of the aperture stop 107h 
is set in the illumination light p>ath, the aperture 
number NAi of the illumination optical system 132 
k>ecomes larger than when the aperture stop 107h 
is set in the illumination light path. At this time, an 
image of the aperture stop 107a having an aperture 
diameter D7a is formed so as to contain the aper- 
ture stop Ep having the aperture diameter D23a. 
and the o value is set to be 1.2. In other words, 
there can be established the relationships as fol- 
lows: 

G » D7a/D23a » NAu/NAo ^ 1 ^. 

Therefore, when the aperture stop 107a is set in the 
illumination bght path, the pattern of the reticle R 
can be transferred on the wafer W at the a value of 
1.0. Therefore, when the aperture stop 107h is set 
in the illumination light path, the illumination light 
flux is led adequately to the effective diameter of the 
optical element constituting the condenser optical 
system 115 of the illumination optical system 132. 
to the effective diameter of the optical elements 
constituting the projection optical system PL. and to 
the effective diameter of these optical elements, as 
well as to the peripheral edge portion that exceeds 
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the effective diameters of the optical eiements. 
Thus, the effects of optically cleaning inpurities 
such as water moisture, organic materials, etc. 
attached to the surfaces of the optical elements can 
be achieved to a sufficient extent. 

[0125] Then, the operation of the projection expo- 
sure apparatus in this embodiment will be described 
hereinafter. First, as shown in Figure 5. dry inert gases 
such as nitrogen are supplied to the inside of the projec- 
tion optical system PL through the pipe 143 from the 
inert gas supply device 141 , the inside of the projection 
optical system PL is fully filled with the gases, and the 
gases present inside the projection optical system PL 
are discharged outside through the pipe 144 by means 
of the inert gas discharge device 142. The entire length 
of the light path for the exposure light beam of the illumi- 
nation optical system 132 is made of a closed structure 
as the projection optical system PL, and a dry inert gas 
such as nitrogen, etc. is likewise supplied and filled, 
while gases inside the light path are discharged through 
the inert gas discharge device. 
[01 26] It is preferred that the inert gas supply device 
141 arK! the inert gas discharge device 142 are oper- 
ated all the time during the exposure, too. aruj the 
atmosphere among the optical elements such as lens 
chambers, etc. is held always in a dry and dean state. 
However, the operations of the inert gas supply device 
141 and the inert gas discharge device 142 nray be sus- 
pended after cleaning the gases present in the spaces 
formed among the optical elements such as lens cham- 
bers prior to the exposure operation. The same thing 
can be applied to the illumination optical system 132. 
[0127] Then, the reticle R with a pattern drawn as 
an object for transfer is transported and loaded on the 
reticle stage RS by means of a reticle loading mecha- 
nism, although not shown. The position of the reticle R 
is then measured by a reticle alignment system, 
although not shown, so as for the reticle R to be loaded 
at a predetermined position. The position of the reticle R 
is set at a predetermined position on the basis of this 
result by means of a reticle position control circuit 
although rrat shown. 

[0128] The wafer W is coated in advance at its sur- 
face with a photoresist as a photosensitive material, and 
the wafer W is then transferred with the pattern of the 
reticle R. The wafer W coated with the photoresist is 
then transported and loaded on the wafer stage WS by 
means of a wafer loading mechanism, although not 
shown. Thereafter, the wafer W is aligned, held and 
fixed on the wafer stage WS. For the wafer W loaded on 
the wafer stage WS. no pattern is present on the wafer 
W upon transfer of the pattem of the reticle of a first 
layer, and the wafer W is loaded on the wafer stage WS 
at a predetermined position, i.e.. at a position deter- 
mined by its outer diameter (OF or notch) as a refer- 
nce. Thereafter, the pattern on the wafer W is 
transferred in a step-and-repeat manner or in a step- 



arxj-scan manner. This transfer is of a so-called scan 
type that selectively illuminates a portion of the pattem 
on the reticle R by means of a reticle blind, although not 
shown, transfers the reticle R by nneans of the reticle 

5 stage RS. and moves the wafer W by means of the 
wafer stage WS in synchronism with the reticle stage 
RS. The transfer may also be performed in a step-and- 
repeat system that illuminates and transfers all the 
entire area of the pattern on the reticle R so as to trans- 

10 fer the pattern in a state in which the reticle R and the 
wafer W are in a static state. 

[01 29] In the case of transcribing the patterns of the 
second layer and et seq. onto the wafer W. ttie position 
of the wafer W is measured by measuring an alignment 

75 marl^ formed next to the pattern transferred in advance 
try means of a wafer alignment system, although not 
shown, because the pattern is present at least on the 
wafer W. On the basis of the result of this measurement, 
the positions of the reticle stage RS and the wafer stage 

20 WS are controlled so as to accurately superinrpose the 
pattern being transferred over the previously transferred 
pattern on the wafer W. 

[01 30] The reticle stage RS and the wafer stage WS 
are transf en-ed at a constant velocity at a velocity ratio in 

25 accordance with the projection magnification of the pro- 
jection optical system PL during the scanning exposure. 
For instance, if the size of each pattern on the wafer W 
would vary due to thermal transfornrtatbn of the wafer W 
or if the pattern would be transfonmed (deviated), an 

30 erra in magnification between the pattern on the wafer 
W and the pattern image of the reticle in the scanning 
direction may be con-ected k>y varying the velocity ratio 
so as to differ from the projection magnification. On the 
other hand, an error of magnification with respect to a 

35 non-scanning direction (in a direction intersecting at a 
right angle with the scanning direction) can be corrected 
by transfemng at least one lens element (for example, a 
lens element located nearest to the reticle R) of the pro- 
jection optical system PL Further, for a deviation of the 

40 F>attern, an error in the superimposition of the pattern on 
the wafer over the pattern image of the reticle can be 
decreased by adjusting the magnification in the manner 
as descrit)ed atx)ve. The sfiape of the pattern on th 
wafer may also t:>e corrected tyy slightly deviating tfie 

45 positions of the wafer and the reticle in each scanning 
direction. 

[0131] In a usual exposure process, sheets m of 
wafers W with several ten exposure regions {shot 
regions) set for each wafer are subjected to exposure as 

50 one lot. Usually, the laser beam is blockedby the shutter 
102 located t>etween the laser beam source 101 and 
the light transmitting window 103 by the shutter 102 in 
such a manner that the laser beam is not irradiated on 
the wafer stage WS for the time for exchanging wafers 

55 W. the time between shots, or the Wwe for exchanging 
reticles. In this embodiment, the fluctuation in the trans- 
mittance is controlled by self<:leansing the optical sys- 
tem by inadiating the illumination optical system 132 
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and the projection optical system PL with the laser 
beam during such a non-exposure time. 
[0132] It is to be noted herein that the time tor 
exchanging wafers W. the time between shots, or the 
time tor exchanging reticles is usually a non-exposure s 
time during the exposure process yet It is an essential 
time tor the step tor exposing one sheet of water or one 
lot of wafers. Therefore, the term "non-exposure time' 
refened to in the description of this specification is 
intended to mean a non-exposure time that is essential io 
during the exposure process. 

[0133] Figure 8 is a time chart in the case where 
sheets m (m>n) of waters W in one lot Eire exposed. At 
time to. the wafer W of the (n-l)-th sheet is unloaded, 
and the wafer W of the n-th sheet is loaded. The time is 
required for unloading and loading is indicated by refer- 
ence symbol TL, and the wafer W is then aligned on the 
wafer stage WS. Thereafter, the wafer stage WS is 
transferred so as to allow the wafer W to agree with the 
optical axis of the projection optical system PL in order 20 
to let the first shot region reach the position of starting 
the exposure. The time required for these operations is 
irxficated by reference symbol TA. These times TL and 
TA are each a non-exposure time, and the illumination 
optical system 132 and the projection optical system PL 25 
are irradiated with the laser beam upon insertion of the 
light shielding plate 150 into the exposure light path 
without (blocking the laser beam with the shutter 102 in 
a conventional manner, and those optical systems are 
self -cleansed during such a non-exposure time. so 
[0134] In other words, as the light shielding plate 
1 50 is inserted in the light path at the time tO when the 
last shot on the (n-1)-th sheet of the wafer W Is finished, 
the ligtTt p>ath is blocked by means of the shutter 1 2. This 
operation is controlled by means of the control circuit 35 
140. Upon confirmation ttiat the insertion of the light 
shielding plate 150 has been finished, the shutter 102 is 
opened by means of the control circuit 140. As the laser 
pulse beam is emitted from the laser beam source 101. 
the illumination optical system 132 and the projection 40 
optical system PL are irradiated with the cleaning light 
beam to perform the setf-deansing. in this case, how- 
ever, the wafer W is not irradiated. The laser beam 
quantity in this case may be as much as capable of con- 
trolling a reduction in the transmittance of the illumina- 4S 
tion optical system 132 and the projection optical 
system PL. and it is preferred that a decrease in the 
durability of the iaser beam source is prevented by 
adjusting the interval and intensity of emitting the laser 
pulse beam from the laser beam source 101. In other so 
words, the laser beam quantity required for optically 
cleaning the optical system may be smaller than the 
laser beam quantity required for usual exposure. 
[0135] Specifically when the intensity (illuminance) 
of the laser pulse beams on the wafer W is set to be 0. 1 ss 
mJ/cm^, it is found that the decrease in transmittance 
can be controlled suff icierrtly as about twenty pulses are 
oscillated. The intervals of oscillating the pulse laser 



beams and the intensity of the laser beam on the wafer 
W d^uring the optical cleaning adjusts the intervals of 
oscillating the laser beam by adjusting the intervals (fre- 
quency) of oscillating trigger pulses outputted to the 
laser beam source 101 and varying voltage (charging 
voltage) to be applied to the laser beam source 101 . In 
usual cases, a tunret plate with plural ND filters each 
having a different transmittance is disposed in the iliunro- 
nation optical system 132. and. tor instance, rotated to 
select and locate one ND fitter corresponding to the 
photosensitivity of a photoresist coated on the wafer, if 
the sensitivity varies to a great extent, thereby adjusting 
the light intensity per pulse. When the intensity of the 
pulse beams varies greatly upon the optical cleaning, 
the tun-et plate may k>e disposed so as to t>e rotated or 
the oscillation intensity of the laser beam source 101 as 
described ak>ove may be adjusted in combination with 
the rotation of the turret plate. 

[01 36] Then, the exposure to the vwaf er W is started 
from the time t1 . First, the laser beam left from the laser 
beam source 101 is shielded by the shutter 102 before 
the time tl. and the light shielding plate 150 is evacu- 
ated from the light path. The p>attern of the reticle R is 
subjected to projection exposure onto the wafer W of 
the n-th sheet from the time tl by repeating the shot 
exposure and the transfer of the stage in a conventfonal 
manner. As shown in Figure 7, the time for shot expo- 
sure is indicated by TSI to TSm. inclusive, and the tinne 
for transferring the stage is indicated by TD1 to TD(m- 
1]. inclusive. During the time for transferring the stage. 
TD1 to TD(m-l), i.e.. the time between the shots, the 
self-cleansing of tiie optical system can be effected by 
irtserting the light shietoing plate 150 and irradiating 
with the laser beam up to the projection optical system 
PL It is to be noted herein, however, that the time tor 
inserting the light shielding plate 150 into the light path 
and the time tor evacuating it from the light path have to 
be taken Into account and that throughput is caused to 
be decreased in the case where this time is longer than 
the time TD tor transferring the stage in order to select 
(align) the shot region. Therefore, it is practical that the 
self-deansing is performed even during the non-expo- 
sure time between shots only when the reqiirennent for 
controlling the fluctuation in the transmittance is sought 
greatiy even if the influence woufo be exerted greatiy 
due to the fluctuation in the transmittance of the optical 
system and throughput would be caused to be 
decreased. 

[0137] Then, the operation for exchanging the reti- 
cle R is stated at the time t2. and reticles are exchanged 
tor the time TR. The period of time during which the ret- 
icles are exchanged is a non-exposure time. The light 
shielding plate 150 is inserted into the light path, and 
the light path up to the projection optical system PL is 
inadiated with cleaning light beam. The wafer W of the 
(rH>1)-th sheet is loaded and aligned from the time t3. 
and the exposure to the wafer W of the (n-f1 )-th sheet is 
started from the time t4. 
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[0138] By irradiating the illumination optical system 
132 and the projection optical system PL with the expo- 
sure light beam while prohibiting the entry of the &qpo- 
sure light beam into the wafer W during the non- 
exposure time, contaminants such as water moisture or 
organic materials detached from the surfaces of the 
optical systems and floating in the atmosphere inside 
the light path are not caused to be attached to the sur- 
faces of the optical systems while remaining such con- 
taminants floating in the atmosphere. As a 
consequence, the transmitlance of. the optical syst«n 
can be held at a predetermined value. Further, the such 
optical cleaning can improve throughput to a greater 
extent, as corrpared with the case where the optical 
cleaning is performed by setting the time unnecessary 
for the original exposure process, because it is carried 
out during the non-exposure time essential for the usual 
exposure process, that is, the time tor exchanging the 
wafers W. the time between the shots or the time for 
exchanging the reticles. In addition, it is not required 
that the wafer stage WS is transferred so as to depart 
the wafer W from the exposure region during the opti- 
cally cleaning processing, because the wafer W is not 
exposed while the wafer W is left located in the region of 
irradiating the projection optical system PL with the 
exposure light beam. Further, this operation exerts no 
influence upon throughput in the respect, too. Moreover, 
the optical cleaning can t>e likewise effected simultane- 
ously even during the alignment operation for determin- 
ing the coordinate position of each pattern by detecting 
a mark on the wafer W by means of an off-axis align- 
ment sensor, and the decrease in throughput can be 
prevented. 

[0139] It is furtfier preferred that the plane of the 
light shielding plate 150 on the projection optical system 
side is a n^rror plane. As desaibed above, it is pretended 
that the laser beam is emitted from the laser beam 
source 101 for use upon exposure even during the non- 
exposure time and the illumination optical system 132 
and the projection optical system PL are subjected to 
self-cleansing during the non-exposure time by in-adia- 
tion with the exposure light beam. The self-cleansing 
effects can be improved much more by reflecting the 
exposure light beam entered irrto the light shielding 
plate 150 at this time and re-entering the reflected light 
into the projection optical system PL. Therefore, this 
operation can contribute to further improvements in the 
durability of the laser beam source 101 by lowering the 
quantity of the laser beam or located a pulse time inter- 
val. 

[0140] The foregoing description is directed to the 
light shielding plate 150 of a movable type, ft is also pos- 
sible to use a liquid crystal so arranged as to open and 
dose the light path, in place of the light shielding plate 
1 50, or to use a system of a type that can fully close the 
aperture stop Ep disposed in the projection optical sys- 
tem PL to dose the light path. In the latter case, the opti- 
cal systems disposed on the side (wafer side) 



downstream from the aperture stop Ep<annot be sut>- 
jected to self-deansing during the non-exposure time, 
however, no t)ig influences are exerted ipon the fluctu- 
ation In transmittarK;e of the projection optical system 
5 PL because a majority of the optical systems of the pro- 
jection optical system PL are disposed in the light path 
extending from the light-entering plane to the aperture 
stopEp. 

[0141 ] Further, in the case where the self-deansing 

10 is performed by irradiating the illumination optical sys- 
tem 132 and the projection optical system PL with the 
exposure light beam during the non-exposure time, it is 
preferred that an aperture stop having a large a value, 
such as the aperture stop 107a or 107h. is selected by 

75 means of the control drcuit 140. f^oreover. in the case 
where the light path is shielded by a system of type 
shielding by means of the light shielding plate 150. it ts 
preferred that the control circuit 140 controls so as to 
increase the quantity of the cleaning light beam entering 

20 into the optical system disposed on the downstream 
side from the aperture stop Ep by making ttie size (aper- 
ture diameter) of the aperture stop Ep of the projection 
optical system PL larger in assodation with the shifting 
to the aperture stop 1 07a or 1 07h. 

25 [0142] Then, a description vwll be nnade of a modifi- 
cation of the light shielding plate 1 50 as shown in Figure 
5 with reference to Figures 9 to 13. 
[0143] In this modification, the light shielding plate 
150 is disposed so as to indine a normal line of the 

30 reflecting plane thereof with respect to the optical axis 
AX of the projection optical system PL This modifica- 
tion permits reflected light beam to enter Into a region 
(in tills example, a region of a lens plane of a lens con- 
stituting the projection optical system PL) which is differ- 

35 ent from the area where the ligfit shielding plate 150 
with tiie normal line of its reflecting plane inclined is not 
used. Thus, even in the case where a coherence factor 
aisa<l asina conventional projection exposure 
apparatus, all regions of the effective diameter of the 

40 lens constituting tiie projection optical system PL can be 
illuminated witii the exposure light beam. 
[01 44] Figure 9 describes a state of the light path in 
the projection optical system PL when the exposure 
light beam is reflected by means of the light shielding 

45 plate 150 disposed so as to allow the normal line of its 
reflecting plane to agree with the optical axis AX of tiie 
projection optical system PL. In Figure 9. the position of 
the reflecting plane of the light shielding plate 150 is 
shown to agree wrth the wafer plane and the aperture 

so stop Ep is omitted for ready reference. In Figure 9. ref- 
erence numeral 161 denotes a light flux of the exposure 
light beam which is left from a reticle-loading plane 160 
that agrees with the pattern plane of the reticle, in tiie 
case where no reticle R is loaded thereon, and which is 

ss left from two points on the reticle-loading plane 160. On 
the other hand, in the case where the reticle R is loaded 
on the reticle-loading plane 160, the exposure light 
beam is difti-acted by means of tine reticle R and tiie dif- 
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fracted lighit beam is left from the reticle-loading plane 
160 at an angle larger than an aperture angle a (an 
aperture angle of the illumination optical system) of the 
light flux 161. It is to be noted herein, however, that out 
of the diffracted light beam left from the reticle-loading 5 
plane 160, only the exposure light beam passing 
through the aperture stop Ep of the projection optical 
system PL is irradiated onto the wafer, so that an aper- 
ture angle p of a light flux 162 of the diffracted light 
beam comes Into agreement with the aperture angle of 10 
the projection optical system PL. 
[0145] As shown in Figure 9, when the normal line 
of the reflecting plane off the light shielding plate 150 
agrees with the optical axis AX of the projection optical 
system PL, the reflected light beam travels tfirough the is 
light path in the reverse direction. As a consequence, for 
instance, when a lens plane as indicated by reference 
numeral 163 is located in the projection optical system 
PL, no exposure light beam is irradiated onto portions 
as indicated by reference numerals 163a and 163b. K 20 
the light flux 1 61 as shown in Figure 9 would be located 
at the position farthest from the optical axis AX on the 
reticle-loading plane '160, the light flux located at the 
position nearest to the optical axis AX enters into the 
portion I63b and consequently the portion located at zs 
the position farther from the optical axis cannot be sub- 
jected to self-cleansing. As described above, in the 
case where the coherence factor a is a < 1 and the ret- 
icle R is not loaded on the reticle stage RS. a portion of 
the effective diameter of the projection optical system is 30 
not subjected to self-cleansir^, for instance, when the 
optical system of a conventional exposure apparatus is 
to be self-cleansed immecliately after maintenance. 
[0146] K the light shielding plate 150 would be 
inclined by an angle 6 as shown in Figure 10, the light 35 
path of the reflected light beam is changed and a por- 
tion 163c of the portion 163a located on the left side of 
the drawing is irradiated with the reflected light beam. 
Further, when the light shielding plate 150 is inclined by 
an angle 6 in the reverse direction, the reflected light 40 
beam enters into a portion of the portion 163a on the 
right side of the drawing. Figure 11 shows the light 
shielding plate 150 that is arranged so as to fc>e inclined 
in a variakDle manner. As shown in Figure 1 1 . the light 
shielding plate 150 can be inclined by rotatir>g it about 4S 
an axis k by means of a motor 165 fixed to a frame 164 
and the frame 164 can also be inclined by rotating rt 
afc)Out an axis j by means of a motor 166. For the optical 
cleaning, the irradiation with the exposure light beam is 
performed by swinging the light shielding plate 150 and so 
the frame 164 by means of the respective motors165 
and 166. 

[0147] In such a state that the reticle R is not loaded 
on the reticle stage RS in the manner as described 
above, that is. that the reticle R is not located on the ret* ss 
ide-loading plane 160 as shown in Figure 9. the optical 
cleaning is effected, for example, immediately after the 
time (as irxJicated by reference synrtool TB in Figure 8) 



for exchanging reticles, immediately after the time for 
installing the exposure apparatus, at the time of start- 
ing-up the apparatus after a long-ten suspension of 
operation, and immediately after the time for installing 
the apparatus. In almost all the above cases, however, 
the wafer W is not loaded on the wafer stage WS. 
Therefore, the exposure light beam may be set so as to 
be reflected by means of a reflection mirror 167 as 
shown in Figure 12, in place of the light shielding plate 
150. In Figure 12, the nornal line n of the reflecting 
plane of the reflection mirror 167 is set so as to amount 
to a predetermined angle B with respect to the optical 
SLxis AX. The angle & is further set so as to permit the 
exposure light beam to be irradiated onto the entire area 
of the effective diameter of the projection optical system 
PL. The reflection mirror 167 is fixed on a rotary portion 
168a of a rotary stage 168. and a fixing portion 168b of 
the rotary stage 168 is fixed on the wafer stage WS. 
Upon effecting the optical cleaning, the wafer stage WS 
is transferred so as for the center of the reflection mirror 
1 67 to come into agreement with the optical axis AX, 
and the exposure light beam is then irradiated while 
rotating the reflection mirror ^B7ty driving the rotation 
of the rotary stage 168. 

[0148] Figure 13 showvs a modification of the reflec- 
tion mirror. A reflection mirror 169 disposed in a rotary 
portion 170a of a rotary stage .170 is configured such 
that it can change an inclination angle by means of a 
motor 171 and that a fixing portion 170 b of the rotary 
stage 1 70 is fixed on the wafer stage WS. Upon effect- 
ing the optical cleaning, the wafer stage WS is trans- 
ferred so as for the center of the reflection mirror 169 to 
come into agreement with the optical axis AX and the 
exposure light beam is then irradiated while changing 
an inclination of the reflection mirror 169 in a vibration 
manner by driving the rotation of the rotary stage 1 70. 
[0149] In the above modification of the reflection 
mirror, the reflected exposure light t>eam is entered into 
the projection optical system PL while varying the incli- 
nation of the reflecting plane thereof from which the 
exposure light beam is reflected, so tfiat the optical 
cleaning can be performed on an area wider than the 
exposure area of the projection optical system PL deter- 
mined t>y the aperture angle u (Figure 9) of the illumina- 
tion optical system. As a consequence, an irregularity of 
the light quantity of an imaging pattern caused by an 
irregularity of transmittance of the projection optical sys- 
tem PL can be reduced. 

[01 50] It can also be noted that the optical cleaning 
as described witii reference to the embodiments of the 
present invention can also be applied immediately after 
the manufacturing of the projection exposure apparatus, 
immediately after the projection exposure apparatus 
has not been used for a long period of time, and in the 
case where the lens surface might be contaminated 
after the maintenance of the main body of the exposure 
apparatus. 

[0151] Moreover, the exposure operation may be 
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carried out in such a manner that the light shielding 
plate 1 50 is inserted into the light path before the start 
of the exposure, the light shielding plate 15G is then 
detached at predetermined time intervals during the 
exposure operation, the exposure operation is sus- 
pended tenporarily, the transmittance of the projection 
optical system is measured from the light quantity ot the 
light beam entering into the projection optical system PL 
and the light quantity of the light fc)eam leaving there- 
from, and the exposure operation is resumed thereafter 
by re-inserting the light shielding plate 150 into the light 
path. This exposure operation can perform the optical 
cleaning during which contaminated materials can be 
removed by the exposure light beam gradually from the 
lens surface of the optical system. The rise of the trans- 
mittance of the projection optical system can be con- 
firmed from the result of the above measurement. 
Therefore, it can be decided whether the transmittance 
of the prelection optical system is held at such a level 
that does not exert any influence upon the manufactur- 
ing process by effecting the optical cleaning while trans- 
mittance of the projection optical system is measured 
after the removal of the light shielding plate 150 in the 
manner as described above. In addition, as the trans- 
mittance of the projection optical system has reached 
the level that does not adversely affect the manufactur- 
ing process, the pattern of the reticle illuminated by 
means of the illumination optical system can be trans- 
ferred onto the photosensitive substrate through the 
projection optica! system. Thus, the timing of finishing 
the optical cleaning can also be confirmed i)y the level 
of the transmittance of the projection optical system. 
[0152] In the embodiment according to the present 
invention, the optical cleaning for the projection optical 
system is described. It can be noted that the illumination 
optical system can be optically cleaned in substantially 
the same manner as the projection optical system can. 
In this embodiment, a desCTiption has been made of the 
configuration such that the light shielding plate 150 is 
inclined or rotated (swing) on the wafer stage WS. It is 
also posstt^e that the light shielding plate 150 is loaded 
directly on the loading plane (the plane on which to load 
the photosensitive substrate) of the wafer stage WS and 
that the wafer stage WS itself is inclined or be rotated 
(swung). In this embodiment, there may be used a lev- 
eling stage for transferring the photosensitive substrate 
in the direction of the optical axis of the projection opti^ 
cal system and inclining the wafer at a predetermined 
angle in order to transfer the photosensitive substrate 
into the focal depth of the projection optical system. In 
this erhbodimem. however, a usual leveling stage may 
also be used for performing the optical cleaning particu- 
larly by varying the amount of inclination so as to enable 
reflecting the exposure light beam up to a region wider 
than the effective diameter of the projection optical sys- 
tem although such a usual leveling stage has a very friv- 
iai amount of inclination. 

[0153] The embodiments according to the present 



invention have been described with reference to ArF 
excimer laser beam as the illumination light beam from 
the laser beam source. It can be noted herein that, as 
the illumination laser beam from the laser beam source. 

5 there may also be used, for example, an illumination 
laser beam of an ultraviolet wavelength region, such as 
KrF excimer laser beam (having a wavelength of 248 
nm). F2 laser beam (having a wavelength of 157 nm). 
and soft X-rays having a further shorter wavelength. 

10 including €UVL 

[0154] m the enrtjodiments as described at>ove, a 
description of the inert gas to be filled in the entire range 
of the light path has t)een made with reference to nitro- 
gen gas. Other inert gases may also be used, which 

IS may include, for example, helium, neon, argon, krypton, 
xenon, radon. Preferably, there may be used a chemi- 
cally dean and dry air (i.e.. an air from which sub- 
stances causing clouding a lens, for example, 
ammonium ions floating in the clean room, has been 

so removed). Although the exposure apparatus according 
to the present invention is asserribled by coupling a 
large numt)er of structuring elements including the light 
shielding plate 50 with each other electrically, nnechani- 
cally or chemicafly, the exposure apparatus can prevent 

25 a decrease in transmittance of the optical system and 
be subjected to the optical cleaning of the region wider 
than the effective diameter of the projection optical sys- 
tem. 

[0155] The exposure apparatus according to the 

30 present invention is provided with the light blocking 
means for blocking the exposure light path between the 
projection optical system and the photosensitive sut)- 
strate or in the inside of the projection opttcai system in 
the manner as desaibed above, and the provision of the 

35 light blocking means can <x>ntrol a decrease in the 
transmittance of the optical system by irradiating the 
illumination optical system or the projection optical sys- 
tem with the exposure light beam during the non-expo- 
sure time essential for the exposure process. With this 

40 configuration, the exposure apparatus of this invention 
does not require the photosensitive substrate to be 
transferred from the irradiation region whenever the irra- 
diation with the exposure light beam is effected, so that 
defects upon exposure can be prevented from occurring 

45 due to the lack of the exposure light quantity on the pho- 
tosensitive substrate immediately after the exchange of 
wafers or reticles, without causing any decrease in 
throughput. 

[0156] When the projection optk:al system is pro- 
50 vided with the variable aperture stop, the varialale aper- 
ture stop can prevent the entry of the exposure light 
beam into the photosensitive substrate so that a new 
element or devk:e for blocking the exposure ligtn beam 
is not required to be provided by fully closing the varia- 
55 bie aperture stop. 

[01 57] Moreover, when the plane of the light shield- 
ing plate into which the exposure light beam enters is 
disposed so as to constitute the reflecting plane, the 



25 



49 



EP1 Oil 128 A1 



50 



exposure light beam is reflected and re-entered into the 
projection optical system or the illumination optical sys- 
tem. The light quantity of the light beam required for the 
optical cleaning during the non-exposure time can be 
reduced to contribute the durability of the laser beam 5 
source. 

[0158] Upon effecting the optical cleaning during 
the non-exposure time, e^en a peripheral area of the 
optical system can also be optically cleansed by enlarg- 
ing the variable aperture stop of the illumination optical 10 
system than a stop to be set lor usual exposure. 
[0159] Furthermore, a wider area of the effective 
diameter of the projection optical system can be opti- 
cally cleansed by varying the inclination of the reflecting 
plane. In addition, upon effecting the optical cleaning 75 
during the non-exposure time, a peripheral area of the 
optical system can be cleansed by setting the variat^le 
aperture stop of the illuminaton optical system to be 
larger than the stop to be set for usual exposure. Fur- 
ther, an area of the projection optical system wider than 20 
the irradiation area of to be determined by the aperture 
angle of the illumination optical system can be optically 
cleaned by permitting the entry of the reflected expo- 
sure light beam into the projection optical system while 
varying the inclination of the reflecting plane at which zs 
the exposure light beam is reflected. 

Claims 

1. An exposure method for use with an exposure so 
apparatus which transfers an image of a pattern 
formed on a mask onto a substrate by irradiating 

the mask with an exposure light beam through an 
optical system which has optical elements, a part of 
the optical elements being arranged so as to be 3S 
shifted between an operation position and a retrac- 
tion position; said method comprising: 

irradiating the optical element at the retraction 
position with a cleaning light t>eam. 40 

2. The exposure method as claimed in claim 1. 
wherein: 

the cleantrtg light beam is the es^osure light 4S 
beam which illuminates the mask. 

3. The exposure method as claimed in claim 1, 
wherein: 

so 

the cleaning light beam is a light beam emitted 
from a cleaning light beam source disposed 
separately from a light beam source for the 
exposure light beam which illuminates the 
mask. 55 

4. The exposure method as claimed in claim 1 . 2 or 3. 
wherein: 



the optical element shifted to the retraction 
position is irradiated with the cleaning light 
beam during transfer of an image of the pattern 
onto the substrate. 

5. The exposure method as claimed in claim 1. 2 or 3. 
wherein: 

the optical element at the retraction position is 
in-adiated with the cleaning light beam when 
the substrate is not irradiated with the exposure 
light beam during a transfer process which 
transfers an image of the pattern onto the sub- 
strate. 

6. An exposure method for use with a projection expo- 
sure apparatus comprising an illumination optical 
system which illuminates an original print with a 
predetermined pattern formed thereon with an 
exposure light l:>eam emitted from an exposure light 
beam source and a projection optical system which 
projects the pattern of the original print DIuminated 
by means of the illumination optical system onto a 
photosensitive substrate, an optical element as a 
part of the optical system being arranged so as to 
t>e shifted between an operation position and a 
retraction position; said method comprising: 

irradiating the optical element shifted to the 
retraction position with cleaning light beam dur- 
ing the pattern is projected onto the photosen- 
sitive substrate. 

7. The exposure method as claimed in claim 6. 
wherein: 

the cleaning light beam is the exposure light 
beam. 

8. The exposure method as claimed in claim 6, 
wherein: 

the cleaning light beam is created by a cleaning 
light beam source disposed separately from 
the exposure light beam source. 

9. An exposure method for use with a projection expo- 
sure apparatus comprising an Illumination optical 
system which illuminates an original print with a 
predetermined pattern formed thereon with expo- 
sure light beam emitted from an exposure light 
t>eam source and a projection optical system which 
projects the pattern of the original print DIuminated 
by means of the illumination optical system onto a 
photosensitive substrate, an optical element as a 
part of the optical system t:>eing arranged so as to 
be shifted between an operation position arKi a 
retraction position; said method comprising: 
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controlling the exposure light beam emitted 
from the exposure light beam source so as to 
irradiate the optical element shifted to the 
retraction position and not to t)e led to the pho- 
tosensitive substrate when the photosensitive s 
sutjstrate system is not irradiated with the 
exposure light beam; and 
controlling the exposure light beam so as not to 
irradiate the optical element at the retraction 
position when the photosensitive substrate \s io 
irradiated with the exposure light beam. 

1 0. An exposure apparatus which transfers an image of 
a pattern formed on a mask orrto a si^strate by irra- 
diating the mask with an exposure light beam 75 
through an optical system which has optical ele- 
ments, a part of the optical elements being 
arranged so as to be shifted between an operation 
position and a retraction position; comprising: 

20 

a cleaning optical system which irradiates the 
optical element shifted to the retraction position 
with a cleaning light beam. 

11. The exposure apparatus as claimed in claim 10, 2S 
wherein: 

the cleaning light beam is the exposure light 
beam. 

30 

12. The exposure apparatus as claimed in claim 10, 
wherein: 

the cleaning light beam is a light beam emitted 
from a cleaning light beam source disposed 35 
separately from a light source for the exposure 
light beam. 

13. The exposure apparatus as claimed in claim 10. 
wherein: ^ 

the cleaning optical system comprises a 
branch optical element which leads the expo- 
sure light beam entering into the mask from the 
exposure light beam source as the cleaning 4S 
light beam. 

14. The exposure apparatus as claimed in claim 10, 
wherein: 

so 

the cleaning optical system comprises a 
branch optical element v^ich leads the expo- 
sure light beam entering into the projection 
optical system which projects the image of the 
pattern formed on the mask as the cleaning ss 
light beam. 

15. The projection exposure apparatus as claimed in 



daim 13 or14. wher«n: 

the cl aning optical system is provided with a 
preventive m©nlDer v^ich prevents the clean- 
ing light beam irradiated onto the optical ele- 
ment shifted to the retraction position from 
becoming a stray light. 

16. A projection exposure apparatus comprising an illu- 
mination optical system which illuminates an origi- 
nal print with a predetermined pattern formed 
thereon with an exposure light beam emitted from 
an exposure light t>eam source and a projection 
optical system which projects the pattern of the 
original print illuminated by the illumination optical 
system onto a photosensitive sut)strate. an optical 
element as a part of the opticai system being 
arranged so as to be shifted between an operation 
position and a retraction position; said apparatus 
comprising: 

a cleaning optical system wNch irradiates the 
optical element shifted to the retraction position 
with cleaning light beam during the pattem is 
projected onto the exposure optical system. 

17. The exposure apparatus as claimed in claim 16. 

v^erein: 

the cleaning optical system has a branch opti- 
cal element which leads an illumination light 
beam emitted from the exposure light t>eam 
source as the cleaning light beam. 

18. The exposure apparatus as claimed in daim 17, 
vkfherein: 

the branch optical element is controlled so as 
to lead the exposure light beam into the clean- 
ing optical system when the photosensitive 
substrate is not irradiated with the exposure 
light beam, and the branch optical element is 
controlled so as not to lead the exposure light 
beam into the cleaning optical system when the 
photosensitive substrate is irradiated with the 
exposure light beam. 

19. The exposure apparatus as claimed in daim 16 or 
18. further comprising a cleaning light beam source 
which creates the deaning light beam and which is 
disposed sep>arately from the exposure light beam 
source; wherein: 

a light beam emitted from the cleaning light 
beam source is led to the cleaning optical sys- 
tem. 

20. A method for manufacturing an apparatus which 
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transfers a pattern formed on a mask onto a sub* 
strata: said method is characterized by the steps of: 

installing an optical system having optical ele- 
ments in which a part of the elements is 
arranged so as to be shifted between an oper- 
ation position and a retraction position into an 
illumination optical system which illuminates 
the mask and/or a projection optical system 
which projects an image of the p>attern of the 
mask illuminated by the illumination optical 
system onto the mask; and 
optically cleaning the optical element at the 
retraction position by irradiating the optical ele- 
ment with a cleaning light beam. 

21. The manufacturing method as claimed in claim 20, 
wherein: 

the cleaning light beam is an exposure light 
beam for illuminating the mask. 

22. The manufacturing method as claimed in claim 20. 
wherein: 

the cleaning light beam is a light beam emitted 
from a cleaning light beam source disposed 
separately from a fight source for the exposure 
light bearn. 

23. An exposure method for projecting an image of a 
pattern formed on a mask onto a sidDstrate; said 
method comprising: 

setting an aperture number of an optical sys- 
tem located between a light beam source emit- 
ting an exposure light beam and the substrate 
to be larger than that of the optical element 
when the substrate is not exposed; and 
entering the exposure light beam into the opti- 
cal system. 

24. The exposure method as claimed in claim 23, 
wherein said method further comprising: 

entering a light shielcfing plate into a light path 
located between the optical system and the 
suk^strate during non-exposure in order to block 
the entry of the exposure light beam into the 
substrate; and 

retracting the light shielding plate from the light 
' path during the exposure. 

25. The exposure method as claimed in claim 24. 
wherein: 

a side of the light shielding plate, which faces to 
the optical system, is arranged so as to act as 



a reflecting surface. 

26. The exposure method as claimed in claim 25, 
wherein: 

5 

an angle of a normal of the reflecting surface 
with respect to an optical axis of the optical sys- 
tem is variable in a predetermined angle range. 

10 27. The exposure method as claimed in claim 23. 
wherein said method further comprising: 

disposing a second aperture stop having an 
aperture larger than that of a first aperture stop 
IS for use during the exposure in the optical sys- 

tem during the non-exposure. 

28: An exposure method for projecting an exposure 
light beam onto a substrate through a mask; said 
20 method comprising: 

distributing a cleaning tight beam in a scope on 
a pupil plane of an optical system through 
which the exposure light beam passes, the 
25 scope being wider than the exposure light 

bearh. in order to reduce a fluctuation in the 
transmittance of the optical system. 

29. The exposure method as claimed in claim 28, 
30 wherein: 

a transfer of a pattern formed on the mask onto 
the substrate and an optically cleaning of the 
optical system are carried out non-concurrently 
35 with each other. 

30. The exposure method as claimed in claim 29, 
wherein: 

40 an aperture number of the optical system is set 

to be larger during the optical cleaning of the 
optical system than that of the optical system to 
be determined in accordance with the pattern 
of the mask during the transfer of the pattern of 

45 the mask onto the sut>strate. 

31 . The exposure method as claimed in claim 29 or 30, 
wherein: 

so the cleaning light beam is the exposure light 

beam and the entry of the exposure light beam 
into the substrate is blocked during the optical 
cleaning of the optical system. 

ss 32. An exposure method for projecting an image of a 
pattern formed on a mask onto a substrate through 
an optical system: said method comprising: 
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installing a light blocking member which block- 
ing the entry of an exposure light beam into the 
substrate into a light path located between the 
optical system and the substrate, and Bering 
the exposure light beam into the optical system 5 
during non-exposure of the substrate; and 
retracting the light blocking member from the 
light path during exposure. 

33. The exposure method as claimed in claim 32. 10 
wherein: 

the light blocking member comprises a light 
shielding plate interposed between the optical 
system and the substrate so as to be inserted is 
into or retracted from the light path for the expo- 
sure light beam; and 

a side of the light shielding plate, which faces to 
the optical system, is arranged so as to act as 
a reflecting surface. so 

34. The exposure method as claimed in claim 33. 
wherein: 

an angle of a normal of the reflecting surface 2S 
with respect to the optical axis of the optical 
system is set so as to be variable in a predeter- 
mined angle range. 

35. The exposure method as claimed in claim 34, 30 
wherein said method further comprising: 

rocking the light shielding plate and reflecting 
the exposure light beam into the optical sys- 
tem. 35 

36. An exposure method for transferring an image of a 
pattern formed on a mask onto a substrate through 
a proiection optical system; said method compris- 
ing: 40 

inserting a reflecting device having a reflecting 
surface which reflects an exposure light beam 
left from the projection optical system onto the 
SLtetrate into a light path located between the 45 
projection optical system and the substrate: 
and 

rocking the reflecting surface and reflecting the 
exposure light beam left from the projection 
optical system into the projection optical sys- so 
tern. 

37. A projection exposure method for use with a projec- 
tion exposjr^ apparatus having an illumination opti^ 

cal system which illuminates an original print with a ss 
predetermined pattern formed thereon with an 
exposure light beam left from an exposure light 
beam source; and a projection optk:al system which 



projects the pattern of the original print Illuminated 
by means of the illumination optical system onto a 
photosensitive substrate; said method conrprising: 

allowing the entry of the exposure light beam 
into the exposure optical system and leaving 
the exposure light beam from the exposure 
light beam source when the pattern of the orig- 
inal print is projected onto the photosensitive 
sut>strate; and 

allowing the exposure light beam to enter up to 
the projection optical system and to t>lock the 
entry of the exposure light beam into the photo- 
sensitive sut>strate when the pattern thereof is 
not projected onto the photosensitive sub- 
strate. 

38. The exposure method as claimed in claim 37. 
wherein: 

the projection exposure apparatus has a light 
blocking memk>er which t>locks the entry of the 
exposure light t>eam into the photosensitive 
substrate, the light blocking member being 
interposed tDetween the projection optical sys- 
tem and the photosensitive sut)strate: 
said method further comprising: 
controlling the light blocking meml:>er so as to 
allow the exposure light beam to enter into the 
photosensitive substrate, and leaving the expo- 
sure light beam from the exposure light beam 
source, when the pattern of the original print is 
projected onto the photosensitive substrate; 
and 

controlling the light blocking memt^er so as to 
allow the exposure light beam to enter up to the 
projection optical system and to fc>lock the entry 
of the exposure light beam into the photosensi- 
tive sutDstrate, and leaving the exposure light 
beam from the exposure light beam source, 
when the pattern of the original print is not pro- 
jected onto the photosensitive substrate. 

39. An projection exposure method for use a pro- 
jection exposure apparatus having an illumination 
optical system which illuminates an original print 
with a pattern formed thereon with an exposure 
light beam left from an exposure light beam source; 

a projection optical system which projects the 
pattern of the original print illuminated by the 
illumination optical system onto a photosensi- 
tive suk)strate; and 

a variable aperture stop disposed inside the 
projection optical systenri; 
said method comprising: 
opening the variat^e aperture stop at a prede- 
termined aperture number, arxf leaving the 
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exposure light beam from the exposure light 
beam source, when the pattern of the brigthal 
print is projected onto the photosensitive sub- 
strate; and 

fully closing the variable aperture stop, and s 
leaving the exposure light beam from the expo- 
sure light beam source, when the pattern 
thereof is not projected onto the photosensitive 
substrate. 

10 

40. A projection exposure apparatus having an illumi- 
nation optical system which illuminates a mask and 
a projection optical system which projects an image 
of a pattern formed on the mask onto a sulfate; 
sakd apparatus comprising: 75 

a light knocking device which blocks the entry of 
the exposure light beam into the substrate, the 
light tslocking device being disposed in a light 
path k>cated between the projection optical 20 
system and the sut>strate. 

41. The exposure apparatus as claimed in daim 40. 
wherein: 

25 

the projection optical system is provided with a 
variat^le stop: and 

an aperture number of the variatDle stop is set 
to be larger during non-exposure to the sut>* 
strate than during exposure to the substrate. so 

42. The exposure apparatus as claimed in claim 40 or 
41 , wherein: 

the light tDlodcng device comprises a light 3S 
shielding plate disposed so as to be entered 
into and retracted from a light path located 
between the projection optical system and the 
sutjstrate. 

40 

43. The exposure apparatus as claimed in claim 42. 
wherein: 

a side of the light shiekiing plate, which faces to . 
the projection optical system, is arranged so as 4S 
to act as a reflecting surface. 

44. The exposure apparatus as claimed in daim 43. 
wherein: 

so 

an angle of a normal of the reflecting surface of 
the variable stop is set to be variatsle with 
resped to an optical axis of the optical system 
in a predetermined angle range. 

55 

45. The exposure a^^ratus as claimed in claim 44, 
further conprising: 



a drive unit which varies the angle of the nor- 
nrial of the reflecting surface thereof with 
' respect to the optical axis of the optical system 
in a predetermined angle range by rocking the 
variable stop. 

46. A projection exposure apparatus having an illumi- 
nation optical system which illuminates a mask and 
a projection optical system which projects an image 
of a pattern formed on the mask onto a substrate: 
said apparatus conprising: 

a t)locking device which blocks the entry of an 
exposure light beam into the subsuate is dis- 
posed inskle the projection optical system. 

47. The exposure apparatus as claimed in claim 46. 
wherein: 

the projection optical system is provided with a 
variable aperture stop: and 
the blocking device blocks the entry of the 
exposure light beam into the substrate when 
the variat3le aperture stop is fully closed. 

48. The exposure apparatus as daimed in any one of 
daims 40 to 47. wherein sakJ apparatus further 
comprising: 

a variatile aperture stop disposed in the illunri- 
nation optical system; and 
a control unit which controls the variable aper- 
ture stop so as to set a stop to become larger 
than a stop determined upon exposure, when 
the exposure light beam is blocked by the light 
blocking device. 

49. An exposure apparatus which transfers a pattern 
formed on a mask onto a substrate: comprising: 

an optical system which projects an image of 
the pattern formed on the mask onto the sub- 
strate: and 

a reflection device having a reflecting surface 
which reflects an exposure light beam left from 
the optical system and which sets an angle of a 
normal of the reflecting surface to be variable 
with respect to an optical axis of the optical sys- 
tem in a predetermined angle range. 

50. A manufacturing method for manufacturing an 
apparatus which transfers a pattern formed on a 
mask onto a sut^strate: said method is character- 
ized by the steps of: 

installing a light fc>locking member which blocks 
the entry of an exposure light beam into the 
substrate in a light path located between the 
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substrate and a projection optical system which 
projects the pattern of the mask onto the sub* 
strate; and 

optically cleaning the projection optical system 
by entering the exposure light beam into the 5 
projection optical system in a state in which the 
entry of the exposure light beam into the sub- 
strate is blocked by the light blocking member. 

51. The manufacturing method as claimed in daim 50, io 
wherein: 

a side of the light t>locking member, which 
faces to the projection optical system, is 
arranged so as to act as a reflecting surface. is 

52. The manufacturing method as claimed in daim 51, 
wherein: 

an angle between an optical axis of the projec- 20 
tion optical system and a normal of the reflect- 
ing surface is set so as to be variable at a 
predetermined angle range. 

53. The manufacturing method as claimed in daim 52. 2S 
further comprising: 

installing a drive unit which varies the angle 
between the optical axis of the projection opti- 
cal system and the normal of the reflecting sur- 30 
face in a predetermined angle range by rocking 
the light blocking member. 

54. A manufacturing method for manufacturing an 
apparatus which transfers a pmttem formed on a 3S 
mask onto a sut)Strate: said method is character- 
ized by the steps of: 

installing an optical system which projects the 
pattern formed on the mask onto the sut>stFate; 40 
disposing a reflecting device between the opti- 
cal system and the sut^strate. which has a 
reflecting surface which reflects a light beam 
left from the optical system and which sets a 
normal thereof so as to be variable with respect 4S 
to an optical axis of the optical system in a pre- 
determined angle range; and 
optically cleaning the inside of the optical sys- 
tem by reflecting the light beam into the optical 
system by the reflecting device. so 

55. An optically cleaning method for optically cleaning 
an exposure apparatus which projects an image of 
a pattern formed on a mask onto a substrate 
through an optk»l system: said method comprising: ss 

setting an aperture number of an aperture stop 
of the optical system to be larger than the aper- 



ture number during e)qx>sure: and 
entering an exposure ligtit beam into the optical 
system to effect the optically deaning of the 
optkal system. 

56. The optically deaning method as claimed in daim 
55, wherein: 

the optical system comprises an illumination 
c^tical system whk:h illuminates the optk^l 
system with a light beam arxl/or a projection 
optical system which projects the image of the 
pattern formed on the mask illunninated by the 
illumination optical system onto the substrate. 

57. The optically deaning method as claimed in daim 
55 or 56, further comprising: 

instaning a light trioddng member v^^ich blocks 
the entry of the exposure light beam into the 
sut>strate into a lighrt path located between the 
optk:al system and the substrate. 

58. The optkally deaning method as claimed In <Aatm 

57. wherein: 

the light k^loddng member comprises a light 
shielding plate disposed so as to enter into and 
retracted from a light path for exposure light 
beam between the optical system and the sut>- 
strate; and 

a side of the light fc>locking member. whk:h 
faces to the projection optk»l system, is 
arranged so as to act as a reflecting surface. 

59. The optically deaning method as claimed in daim 

58. wherein: 

an angle of a normal of the reflecting surface is 
set so as to be variable vt^ respect to an opti- 
cal axis of the optical system in a predeter- 
mined angle range. 

60. An optically cleaning method tor optically cleaning 
an exposure apparatus whrch projects an image of 
a pattern formed on a mask onto a substrate 
through an optkjal system vwth an aperture stop 
installed therein; sakl method comprising: 

fully dosing the aperture stop; and 

entering a cleaning light beam irito the optical 

system. 

61. An optically cleaning method for optically cleaning 
an exposure apparatus which transfers an image of 
a pattem formed on a mask onto a sut>strate 
through a projection optical system; said method 
comprising: 
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Installing a reflecting member having a reflect- 
ing surface which reflects an exposure light 
beam onto the projection optical system side 
into a light path located between the projection 
optical system and the sut)strate; and 5 
illuminating the projection optical system with 
an exposure light beam by varying a normal of 
the reflecting surface in a predetermined angle 
range with respect to an optical axis of the pro- 
jection optical system. 10 
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